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PREFACE. 



The progress of modern science, especially 
within the last few years, has been remarkable for 
a pendency to siitaplify the laws of nature, and to 
uriife detached branches by general principles. In 
«ome cases identity has l^een proved where there 
appeared to be nothing in common, as in . the 
electric and magnetic influences; in others, < as 
that of light and heat, such analogies have been 
pointed out as to justify the expectation that they 
will ultimately be referred to the same agent, and 
in all there exists such a bond of union, that pro- 
ficiency cannot be attained in any one without a 
knowledge of others. 

Although well aware that a far more extendve 
illustration of these views might have been given, 
the Author hopes that enough has been done to 
show the Connection 6f the Physical Sciences. 

In order to keep ^ace with the progress of 
discovery in various branches of the Physical 
Sciences, this book has been carefully revised. 
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CONNECTION OF PHYSICAL SCIENCES. 



.INTRODUCTION. 

SciKS^cc, regarded as the pursuit of truth, must ever 
afford occupation of consummate interest, and subject of 
elevated meditation. The contemplation of the works 
of creation elevates the mind to the admiration of what- 
ever is great and noble ; accomplishing the object of all 
study, which, in the eloquent language of Sir James 
Mackintosh, ** is to inspire the love of , truth, of wisdom, 
of beauty — especially of goodness, tha high|>st b^uty 
— and of that supreme and eternal Mind, which con- 
tains all truth and Wisdom, all beauty and goodness. 
By the love or delightful contemplation and pursuit of 
these transcendent aims, for their own sake only, the 
mind of man is raised from low and perishable objects, 
and prepared for those high destinies which are ap- 
pointed for all those who are capable of them." 

Astronomy affords the most extensive example of the 
connection of the physical science^. In it are combined 
the sciences of number and quantity, of rest and mo- 
4bn. In it we perceive the operation of a force which 
is mixed up witli everything that exists in the heavens 
or on'efLrUi; whicli {)erval»s «v^ry ^tom,*rulds the 
motfonis ijf animate and inanimate beings, and is as sen- 
sible in the descent of a rain-drop as in the falls of 
Niagara; in the weight of the air, as in the periods of 
the moon. Gravitation not only binds satellites to then: 
planet, and planets to the sun, but it connects sun with 
sun throughout the wide extent of creation, and is the 
cause of the disturbances, as well as of the order of 
nature : since every tremor it excites in any one planet 
is immediately transmitted to the farthest Unfits of the 
system, in osciUa|ion% which correspoiM ih their periods 
with the cause producing them, like' sympathetic notes 
in music, or vibrations from the deep tones of an organ. 

The heavens afford the most sublime subject of study 
which can be ^derived from science. The magnitude 
1 A 



2 INTBODUCrriON. 

and splendor of the objects, the iDconceivable rapidity 
with which tlfey move, ^nd the enormous ^ distances 
between them, impress the mind with some Qotion of 
the energy that maintains them in their motions, with a 
durability to which we can see no limit. Equally con- 
spicuous is the goodness of the great First Cause, in 
having endowed man with faculties^ by which he can 
not only appreciate the magnificence of His works, but 
trace, with precision, the operation of His laws, use the 
globe he mhabits as a base wherewith to Qieasure the 
magnitude and distance of the sun and planets, and 
make the diameter (Note 1) of the earth's orbit the 
first step of a scale by which he may ascend to the 
starry firmament. Such pursuits, while they ennoble 
the mind, at the same time inculpate humility, by show- 
ing that there is" a barrier which no energy, mental or 
physical, can ever enable us to pass : that, however 
profoundly we may penetrate the depths of space, 
there still remain innumerable' systems, compared with 
which, those apparently so vast must dwindle into in- 
significance, or even become invisible ; and that not only 
man, but the globe he inhabits — nay, the whole system 
of which it forms so small a part — might be annihilated, 
and its extinction be unperceived in the immensity of 
creation. 

A complete acquaintance with physical astronomy 
can be attained by those only who are well verged in 
the higher branches of mathematical and mechanical 
science (N. 2), and they alone can appreciate the ex- 
treme beauty of the results^, and of the means by which 
these results are obtained. It is nevertheless true, that 
a sufficient skill in analysis (N. 3) to follow the general 
outline — to see the mutual dependence of the different 
parts of the system, and to comprehend by what means 
the most extraoi*dinary conclusions have been ariived 
at, — ^is within the reach of many who shrink from the 
task, appalled by difficulties, not more formidable than 
those incident to the study of the elements of every 
branch of knowledge. There is a wide distinction be7 
tween the degree of mathematical acjquirement neces- 
sary for making discoveries, and that which is requisito 
for understanding what Others ^ave done. 
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CHdf knowledge of external objects is founded upon 
experience, which furnishes facts ; the comparison^ of 
these facts establishes relations, from which the belief 
that like causes wiU produce like effects, leads to gen- 
eral laws. Thus, experience teaches that bodies fall at 
the surface of the earth with an accelerated velocity, 
and with a force proportional to their masses. By com- 
parison, Newton proved that the force which occasions 
the fall of bodies at the earth's surface is identical with 
that which retains the moon in her orbit; and he con-^ 
eluded, that as the moon is kept in her orbit by the 
attraction of the earth, so the planets might be retained 
in their orbits by the attraction of the sun. By such 
steps he was led to the discovery 4>f one of those powers, 
with which the Creator has ordained, that matter should 
reciprocally act upon matter. 

Physical astronomy is the science which compares 
and identifies the laws of motion observed on earth, 
wit^ the motions that take place in the heavens; and 
which traces; by an uninterrupted chain of deduction 
from the great principle that governs the universe, the 
tevolutions and rotations of the planets, and the oscilla- 
tions (N. 4) of the fluids at their surfaces ; and which 
estimates the changes the system has hitherto under- 
gone, or may hereafter experience — changes which 
require millions of years for their accomplishment. 

The accumulated efforts of astronomers, from the 
earliest daWft of civilization, have been necessary to 
establish the mechanical theory of astronomy. The 
courses of the planets have been observed for ages, with 
a degi'ee of perseverance that is astonishing^ if we con-, 
sider the imperfection and even the want of instruments. 
The real motions of the earth have been separated 
from the apparent motions of the planets ;.the laws of 
thd planetary revolutions have been discovered ; and 
the discovery of these laws has led to the.tnowledge of 
tlie gravitation (N. 5) of matter. On the otli^r hand, 
descending from the principle of gravitation, every mo- 
tion In the solar system has been so completely explained » 
that the laws of any astronomical phenomena that may 
hereafter occur, are already determined. 
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Section: I. 

Attraction of a Sphere— Form of Celestial Bodies— Terrestrial Gravitation 
ratains the Moon in her Ori>it— The Heavenly Bodies move in Conio 
Section^— Gravitation proportional to Mass— Gravitatian of the Particlea 
of Afatter — Figure of the Planets — How it affects the Motions of their 
Satellite*— Rotation and Translation impressed by the same Impulse- 
Motion of the Sua and Solar System. 

It has been proved by Newton, that a paHicle of mat- 
ter (N. 6) placed without the surface of a hoUow sphere 
' (N. 7), is attracted by it in the same manner as if the 
mass jof the hollow sphere, or the whole matter it con- 
tains, were collected into one dense particle in its center; 
The same is therefore true of a solid sphere, which may 
be supposed to consist of an infinite number of concentric 
hollow spheres (N. 8). This, however, is not the case 
with a spheroid (N. 9) ; but the celestial bodies are so 
nearly spherical, and at such remote distances from One 
another, that they attract and are attracted as if each 
were condensed into a single particle situate in its center 
of gravity (N. 10) — a circumstance which greatly fticili- 
tates the investigation of their motions. 

Newton Imis shown that the force which retains the 
moon in her orbit, is the same with that which causes 
heavy substances to fall at the surface of the earth. If 
the eardi were a sphere, and at rest, a body would be 
' equally attracted, tluit is, it would have the same weight, 
at -every point of its surface, because the surface of a 
sphere is everywhere equally distant from its center. 
But as our planet is flattened at the poles (N. 11), and 
bulges at the equator, the weight of the same body 
gradually decreases from the poles, where it is greatest, 
to the equator, where it is least. There is, however, a 
certain mean (N^. 12) latitude (N. 13), or part of the earth 
intermediate between the pole and the equator, where 
the attraction of the earth on bodies at its surface is the 
same as if it were a sphere ; and experience shows that 
bodies there fall through 16'0697 feet in a second. The 
mean distance (N. 14) of the moon from the earth is 
about sixty times the mean radius (N. 15) of the earth. 
When the number 16-0697 is diminishea in the ratio 
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(N. 16) of 1 to 3600, which is the square of the moon's 
distance (N. 17) from the earth's center, estimated in 
terrestrial radii, it is found to be exactly the space the 
*noon would fall through in the first second of her de- 
scent to the earth, were she not prevented by the cen- 
trifugal force (N, l&V arising from tlie velocity with 
which she move» in her orbit. The moon is thus re- 
tained in her' orbit by a force having the same origin, 
and regulated by the same law, with that which causes 
a stone to fall at the earth's surface. The earth may 
therefore be regarded as the center of a force which 
extends to the moon; and, as experience shows that the 
action and reaction of matter are equal and contrary 
(N. 19), the moon must attract the earth with an equSi 
and: contrary force. 

Newton also ascertained that a body projeeted (N. 20) 
in space (N. 21)^ will move in a conic section (N. 22), if 
attracted by a force proceeding from a fixed point, with an 
intensity inversely as the square of the distance (N. 23) ; 
but that any deviation from that law will cause it to move 
in a curve of a different nature. Kepder found, by direct 
di>servation, that the planets descripe ellipses (N. 24^, or 
oval patiis, round the sun. Later observations snow 
that comets al^ move in conic sections. It consequently 
foUows, that the sun attracts all the planets and comets 
inversely as the square pf their distaiuces from his cen- 
ter ; the sun, therefore, is the center of a force extend* 
ing indefinitely in space, and including all the bodies of 
the system in its action. 

Kepler also deduced from observation, that the squares 
of the periodic times (N. 25) of the planets, or the times 
of their revolutions -round the sun, are proportional to 
the cubes of their mean distances from his center 
(N. 26). Hence the intensity of gravitation of all the 
bodies toward the sun is the same at equal distances. 
Consequently, gravitation is proportional to the masses 
(N. 27); for, if the planets and comets were at 6qual 
distances from the sun, and left to the effects of gravity, 
they would arrive at his surface at the same time 
(N. 28). The satellites also gi*a,vitate to their primaries 
N. 29\ according t6 the same law that their primaries 

to tne sun. Thus, by the law of acttop and reaction, 
a9 
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each body is itself the center of an attractive force ex- 
tending indefinitely in space, causing all ^e mutual disf 
turbances which render the celestial motions so compli- 
cated, and their investigation so difficult. 

The gravitation of matter directed to a center, and 
attracting directly as the mass, and inversely as the 
square of the distance, does not belong to it when con- 
sidered in mass only ; particle acts on particle according 
to the same law when at sensible distances from each 
other. If the sun acted on the center of the earth, with- 
out attrtotihg each of its particles, the tides would be 
very much greater than they now are, and would also« 
in other respects, be very different. The gravitation of 
the earth to the sun results from the gravitation 0|f all its 
particles, which, in their turn, attract the sun in the ra- 
tio of their respective masses. There is a reciprocal 
action, likewise, between the earth and every particle 
at its surface. The earth and a feather mutually attract 
each other in the proportion of the mass of the earth to 
the mass of the feather. Were this not the case, and 
were any portion of the earth, however small, to attract 
another portion, and not be itself attracted, the center of 
gravity of the earth would be moved in space- by this 
action, which is impossibles 

The forms of the planets result from the reciprocal 
attraction of their component particles. A detached fluid 
masS) if at rest, would assume the form of a sphere, 
from the reciprocal attraction of its particles. But if the 
mass revolve about an axis, it becomes flattened at the 
poles, and bulges at the equator (N. 11), in consequence 
of the centrifugal force arising from the velocity of rota^ 
tion (N. 30); for the cejitri&gal force diminishes the 
gravity of ^he particles at the equator, and equilibrium 
can only exist where these two forces are balanced, by 
an increase of gravity. Therefore, as the attractive force 
is the same on all particles at equal distances from the 
center of a sphere, the equatorial particles would recede 
from the center, till their increase in number balance 
the centrifugal force by their attraction. Consequently, 
the sphere would become an oblate, or flattened sphe- 
roid ; and a fluid partially or entirely covering a solid, as 
th^ ocean and aimpsphere Qover the earth, must i 
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that form in order to remain in equiUbrio. The surface 
of the sea is therefpi-e spheroidal, and the surface of the 
earth only deviates from that figure where it rises above 
or sinks below the level of the sea. But the deviation is 
so small, that it is unimportant when compared with the 
ttiagnitude of the earth ; for the mighty chain of the 
Andes, and the yet more lofty Himalaya, bear about the 
same proportion to the earth that a grain of sand does to 
a globe three feet in diameter. -Such is the form of the 
earth and planets. The compression (N. 31) or flatten- 
ing at their poles is, however, so small, that even Jupiter, 
whose rotation is the most rapid, and therefore the most 
elliptical of the planets, may, from his great distance, be 
regarded as spherical. Although the planets attract 
each other as if tiiey were spheres, on account of their 
distances, yet the satellites (N. 32) are near enough to 
be sensibly affected in their motions by the forms of 
their primaries. The moon, Ipr example, is^ so near 
the earth, that the reciprocal attaiiction between each of 
her particles, and each of the particles in the prominent 
mass at the terrestrial equator, occasion^ considerable 
disturbances in tlie motions of both bodies ; for the ac- 
tion of the moon on the matter at the earth^s equator, 
produces a nutation (N. 33) in the axis (N. 34) of rotation, 
and the reaction of that matter on the moon is the cause 
of a corresponding natation in the lunar orbit (N. 35). 
- If a sphere at rest in space receive an impulse passing 
through its center of gratity, all its parts will move with 
an equal velocity in a straight line ; but if the impulse 
does not pass though the center of gravity, its particles, 
'haviiig unequal velocities, will have a rotatory or revolv- 
ing motion, at the same time that it is translated (N. 36) 
in space. These motions are independent of one an- 
other ; so that a contrary impulse, passing through its 
center of gravity, will impede its progress, without in- 
terfering with its rotation. As the sun rotates about an 
axis, it seems probable, if an impulse in a contrary direc- 
tion has not been given to his center of gravity, that he 
moves in space, acconipanied by all those bodies which 
compoise the solar system--a circumstance which would 
in no way interfere with their relative motions ; for, m 
consequence of th^ principle, that forces is proportional 
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to velocity (N. 37), the reciprocal attractions of a system 
remain tlie same, whether its center qi gravity be a^ 
rest, or moving uniformly in space. It is computed that, 
had the earth received its motion from a single impulse,, 
that impulse must have passed through a point about 
twenty-five miles from its center. 

Since the motions of rotation and translation of the 
planets are independent of each other, though probably 
communicated by the same impiilse, they form separate 
subXects of investigation. 
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iniiptical Motion— Meau and True Motion-^Equinoctial— Ecliptic— Equi- 
noxes — ^Mean and True Longitade — Equation of Center — Inclination of 
the Orbits of 'Planets— Celestial Latitude-^Nodea— Elements of an Orbit ^ 
— Undisturbed or Elliptical Orbits — Great Inclination of the Orbits of ^ 
the new Planets^Universal Gravitation the Cause of Perturbations in 
the Motion of the Heavenly Bodiea^Problem of the Three Bodies — 
Stability <^ Solar System depends npon^^e Primitive Momentnm of tha 
Bodies. 

A PLANET moves in it8^ell^)1ical orMt with a velocity 
varying ev^ry i^staI^t, in consequence of two forces, one 
tending to the center of the sun, and the other in the 
direction of a tangent (N. 38) to its orbit, arising from 
the primitive impulse, given at title time when it wiis 
launched into space. Should the force in the tangent 
cease, the planet would fall to the sun by its gravity. 
Were the sun not to attract it, the planet would fly off 
in the tangent. Thus, when the planet is at the point 
of its orbit farthest from the sun, his action overcomes 
the planet's velocity, and brings it toward him with 
such fin accelerated motion, that at last it overcomes the 
sun's attraction ; and shooting past him, gradually de-, 
creases in velocity, until it arrives at the most (hstant^ 
Doint, where the sun's attraction a^in prevails (N. 39). 
In this motion the radii vectores (N. 40), or unaginary. 
lines joining the centers of the sun and tne planets, pasa 
over equal areas or spaces in equal times (N.^41). 

The mean distance of a planet from the sun is equal 
to half the major axis (N. 42) of its orbit: if, therefore, 
lihe planet described a circle (N. 43) roun4 the sun at. 
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ititmean distoDce, the motion lyould be Qoiform, an^ 
the periodic tiide unaltered, because the plaqet would 
arrive at the extremities of the major axis at the same 
mstanL and would have the same velocity, Whether it 
moved in the circular or elliptieal orbit, since the curves 
coincide in these points. But, in every other part., the 
elliptical or true motion (N. 44) would either be faster 
or slower than the circular or mean motion (N. 45). As 
it is necessary to have, some fixed point in the heavens 
from whence to estimate these motions, the vernal equi- 
nox (N. 46) at a given epoch has been chosen. The 
equinoctial, which is a great circle traced in the starry 
heavens by the im$iginary extension of the plane of the 
terrestrial equator,, is intersected by the ecliptic, or ap- 
parent path of the sun, in two points diametrically oppo^ 
site to one another, called the vernal and autumnal 
equinoxes* The vernal, equinox is the point through 
wnich the sun passes, in going from the southern to thd 
northern hemisphere ; and the autumnal, that in which 
he crosses from the northern to th^ southern. The 
mean or circular motion of a body, estimated from the 
vernal equinoi, is its mean longitude ; aiid its elliptieal, 
or true motion, reckoned from 3iat point, is its true Ion* 
gitude (N. 47) : both being estimated from west to east, 
tiie direction in which the bodies move. The difierence 
between tiie two is called the equation of the center 

ij^f . 48) ; which consequently vanished at the apsides 
N. 49), or exti'emities of the major axis,, and is at its 
maximum ninety degrees (N. 50) distant from t^ese 
points, or in quadratures (N. 51), where it measures 
the eccentricity {N. 52) of the orbit ; so that the place 
of a planet in its elliptical orbit is obtained, by adding or 
subtracting the equation of the center to or from its 
mean longitude. 

The orbits of the planets have a very small^ obliquity 
or inclination (N. 53) to the plane of the ecliptic in which 
the earth moves ^ and on that account, astronomers refer 
^eir motions to this plane at a given epoch as a known 
and fixed position. The angular distance of a planet 
from the plane of the ecliptic is its ^latitude (N. 54) ; 
whichis south or norths according, as the planet is south 
ur Jiorth of that plane. When the planet is in the plane 
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of the ecliptic, its latitude is zero : it'is then said to be 
in its nodes (N. 55). The ascending node is that point 
in the ecliptic, through which the planet passes, in going 
from the southern to the northern hemisphere. The 
descending node is a.cbrresponding point in the plane of 
the ecliptic diametrically opposite to the other, through 
which the^ planet descends in going from the northern 
to the southern hemisphere. The longitude and lati- 
tude of a planet cannot be obtained by direct observa- 
tion, but are deduced from observations made at the 
surface of the earth, by a yexj simple computation. 
These _two quantities, however, will not give the place 
of a planet in space. Its distance from the sub (N. 56) 
must also be known ; and, for the complete determina- 
tion of its elliptical motion, the' nature and position of its 
orbit must be ascertained by observation. This depends 
upon seven quantities, called the elements of the' orbit 
(N. 57). These are, the length of the major axis, and 
the eccentricity, which determine the form of the orbit: 
the longitude of the planet when at its least distance 
from the sun, called the lon^tude of the perihelion ; the 
inclination of the orbit to the plane of the ecliptic, and 
the longitude of its ascending node.; these give the po- 
sition of the orbit in space ; but' the periodic time, and 
the longitude of the planet at a given instant, called the 
longitude of the epoch, ave necessary for finding the 
place of the body in its orbit at aU times. A perfect 
knowledge of these seven elements is requisite, for as- 
certaining all the circumstances of undisturbed elliptical 
motion. By such means it is found, that the paths of 
the planets, when their mutual disturbances are omitted, 
are ellipses nearly approaching to circles, whose planes, 
4tghtly inelined to the ecliptic, cut it in straight lines, 
passing through the center of the sun (N. 50). The 
orbits of the recently discovered planets deviate more 
from the ecliptic than those of the ancient planets ; that 
of Pallas, f^r instance, has^an inclination of 34° 37' 50*2'' 
to it ; on which account it is more difficult to determine 
their motions. 

Were the planets attracted by the sun only, they 
would always move in ellipses, invariable in form and 
positon T^ and because h's action is proportional to hm 
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massi which is^ much larger than that of all the pbnetp 
put together, the elliptical is the nearest approximation 
to their true motions. The true motions cf the planets 
ar6 extremely complicated, in cousequence of their 
mutual attraction; so that they do not move in any 
known or symmetrical curve, but in paths now ap^ 
proaching to, now receding from, the elliptical form ; 
and their radii vectores do not describe areas or spaces 
exactly proportional to the time, so that the areas be- 
come a test of disturbing forces. 

To determine the motion of each body, when dis- 
turbed by alt the ri^st, is be3rond the power of analysis. 
It is therefore necessary to estimate the disturbing ac- 
tion of one planet at a time, whence the celebrated 
probl^ of liie tJiree bodies, originally applied to the 
moon, the earth, and the sun; namely, the masses 
being givien of three bodies projected from three given 
points, with velocities given both in quantity and direc- 
tion ; and, supposing the bodies to gravitate to one an- 
other with forces that are directly as their masses, and 
inversely as the squares of the distances, to find the 
lines described by, these bodies, and their positions at 
any given instant t or, in other words, to determine the 
path of a celestial body when attracted by a second body, 
and disturbed in its motion round the second body by a 
thifd—^a problem equally applicable to planets, satellites, 
and comets. 

By this problem the motions of translation of the 
celestial bodies are determined. It is an extremely 
difficult one, and would be infinitely ^more so, if the dis- 
turbing action were not very small when compared with 
the central force; that is, if the action of the planets op 
one another were not very small when compared wil^ 
that ^f the sun. As the disturbing influence of each 
body may be found separately, it is assumed ^at- the 
action of the whole system, in disturbing any one planet, 
is equal to the sum of all the particular dislRkrbances it 
experiences, on the general mechanical principle, that 
the sum of any humber of small oscillations is nearly 
equal to their simultaneous and joint effect. 

On account of the reciprocal action of matter, the 
stability of the system depends upon the intensity of the 
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primitive momentum (N« 69) of the planets, and the ^ 
ratio of their masses to that of the sun ; for the nature 
of the conic sections in which the celestial bodies move, 
depends upon the velocity with which they were first 
propelled in space. Had that velocity been such as to 
make the planets move in orbits of unstable equilibrium 
(N. 60), their mutual attractions might have changed 
them into parabolas, or even hyperbolas (N. 22); so 
that the ea|*th and planets might, ages ago, have been 
sweeping fai* from our sun through the abyss of space. 
But as the orbits 'differ very little from circles, the mo- 
mentum of tl^e planet, when projected, must have bQ43n 
exactly sufficient to insure the permanency and stability 
of the system. Besides, the nuiss of the sun is vastly 
greater tidan that of any planet ; and as their inequali- 
ties bear the same ratio to their elliptical motions, that 
their masses do to that of the sun, their mutual disturb- 
ances only increase or diminish the eccentricities of their 
orbits, by very u^inute quantities ; consequeqtiy the mi^- 
nitude of the sun^s mass is the principal cause of the 
stability of the system. There is not in the physical 
world a more splendid example of t^e adaptation of 
means to the accomplishment of an end, than is exhib- 
ited in the nice adjustment of these forces, at once the 
cause of the variety and of the order of Nature. 
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both resulting from the constant operation of their recip- 
rocal attraction: one kind, depending upon their posi- 
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tions with regard to each other, begins from zero, in- 

' creases to a maximum, decreases, and becomes ssero 
again, when the planets rejurtf to the same relative 

• positions. In consequence of these, tha disturbed planet 
is^ sometimes drawn away from the sun, sometimes 
brought nearer to him : sometimes it is accelerated in 
its motion, and 'sometimes retarded. At one tim« it is 
drawn above the plane of its orbit, at another time below 
it, according to the poisition of the disturbing body. Alt 
such changes, being accomplished in short periods, some 
in a few^ months, others in years, or in hundreds of 
years, are denominated periodic inequalities. The in- 
equalities of the other kind, though occasioned likewise 
by the disturbing energy of the planets, are entirely in- 
dependent of &eir relative positions. They depend 
upon the relative positions of the orbits alone, whose 
forms and piaces in space are altered by very minute 
quantities, in immense periods of time, and are, there- 
fore, called secular inequalities. 

The periodical perturbations are compensated, when 
the bodies return to the same relative positions with 
regard to one another and to the sun : the secular ine- 
qualities are compensated, when the orbits return to 
the same positions. relatively te one ano&er, tfnd to fhe 
plane of the ecliptic. 

Planetary motion, including both- these kinds of dis- 
turbahce, may be represented by a body revolving in an 
ellipse, and making small and transient deviations, now 

.^on one side of its path, and now on the other, while the 
ellipse itself is slowly, but perpetuaDy, changing both in 
form and position. 

The periodic inequalities ai^e merely transient devi- 
ations of a planet from its pat^, the most remarkable of 

^which only lasts about 918 years 4 but, in consequence 
of the sectilar disturbances, the apsides, or extremities 
of the major axes of all the orbits, have a direct but 
variable motion in space, excepting those of the orbit of 
Venusi^which are retrograde (N. 61), and the lines of 
the nodes move With a' variable velocity in a contrary 

.^direction. Besides these, the inclination and eccen- 
tricity of every orbit are id a state of perpetual but slow 
change. These effects result from the disturbing action 
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of 9Ji the planets on each. But as it is only necessary 
to estimate the <Jistm'bing influence of one body at a 
time, what follows may convey some idea of the manner 
in which one planet disturbs the eUiptipal motion of 
another. / 

Suppose two planets moving in ellipses round the sun ; 
if one of them attracted the other and the sun with 
equal intensity, and in parallel directions (N. ^2), it 
would have no effect in. disturbing the elliptical motion. 
The inequality of this attraction is the sole cause of 
perturbation, and the difference between the disturbing 
planeVs action on the sun^ and on the disturbed planet 
constitutes the disturbing force, which consequently 
varies in intensity and direction with every change in 
the relative positions of the three bodies. Althoiigh 
both the sun and planet are under the influence of the 
disturbing force, the motion of the disturbed planet is 
refen*ed to the center of the sun as a fixed point, for 
convenience. The whole force (N. 63) which disturbs 
a planet is equivalent to three partial forces. One of 
these acts on the disturbed planet, in the direction of a 
tangent to its orbit, and is called the' tangential force : it 
occasions secular inequalities in .the form and position of 
" the orbit in its own plane, and is the sole cause of the 
periodical perturbations in the planet's longitude. An- 
other acts upon the same body in the direction of its 
radius vector, that is, in the line joining thb centers of 
the sun and planet, and is called the radial force : it 
produces^ periodical changes in the distance of the planet 
fi'om the sun, and aflects the fo;,*m and position of the 
orbit in its own plane. The third, which may be caDed 
l^e perpendicular force, acts, at right angles to the plane 
of the orbit, occasions the periodic inequalities in the 
planet's latitude, and affects the position of the orbit 
with regard to the plane of the ecliptic. 

It has been observed, that the radius vector of a 
planet moving in a perfectly elliptical orbit, passes over 
equal spaces or areas in equal times ; a circumstance 
which is independent of the law of the force, and would 
be the same whether it varied inversely as the square 
of the distane^ of not, provided only that it be directed 
to the center of the^un. Hence the tangential force. 
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not being directed to the center, occasions an une((iu£le 
description of areas, or, what is the same thing, it dis- 
turbs the motion of the planet in longitude. The, tan- 
gential force sometimes accelerates the planet^s motion, 
sometimes ret^ds it, and occasionally has no effect at alL 
Were the orbits of both planets circular,, a complete 
compensation would take place at each revolution of the 
two planets, because the arcs in which the accelerations 
and retm*dations take place, would be symmetrical on 
each side of the disturbing force* For it is clearr that 
if the motion be accelerated through a certain space, and 
then retarded through as much, the motion at the end 
of the time will be the same as if no change had' taken 
place. . Buti as the orbits of the planets are ellipses, this 
symmetry does not hold ; for, as the planet moves un- 
equably in its orbit, it is in some positions more directly, 
and for .a longer time, under the influence of the dis- 
turbiJig force than in others. And ajthqugh multitudes 
of variations do compensate each other in short periods, 
there are others, depending on peculiar relations among 
the periodic times of- the pkinets, which do not compen- 
sate each other till after one, or even till after many 
revolutions of both bodies. A periodical inequality of 
this kind in the motions of Jupiter add Saturn, has a 
period of no less than 918 years. 

The radial force, or that part of the disturbing force 
which acts in the direction of the Une joining the centers 
of the sun and disturbed planet, has no effect on the 
areas, but is the cause of periodical changes of small 
extent in. the distance of the planet from the sun; It 
has already been shown, that the force producing per- 
fectly elliptical motion varies inversely as the square of 
the distance, and' that a force following any other law 
would cause the body to move in a curve of a very dif- 
ferent kind. Now, the radial disturbing force varies 
directly as the distance ; and,- as it sometimes combines^ 
with and increases the intensity of the» sun's attraction 
fbr the disturbed body, and at other times opposes and 
consequently dimmishes it, in bolii ca^es it causes the 
sun's attraction to deviate from the exact law of gravity,, 
and the whole action of th^ compound ^^Mtral force on 
t|ie disturbed body is either greater or less 'than what ia 



1 



16 MOTION OP THE APSIDES. Hkvi. III. 

requisite for perfectly elliptical 'motion. When greater, 
the curvature of the disturbed planet* s path on leaving 
its perihelion • (N. 64), or point nearest the sun, is 
greater than it would be in the ellipse, whidi brings the 
planet to its aphelion (N. 65), or point farthest from the 
I sun, before it has passed through 180^, as it would do 
if undisturbed. So that' in this case the apsides, or ex- 
tiremities of the major axis, advance inspace. When 
the central force is less than the law of gravity requires; 
the curvature of the planet's path is less than the cur- 
vature of the ellipse. So that the planet, on leaving its 
perihelion, would pass through more than 180° before 
arriving at its aphelion, which causes the apsides to re- 
cede in space (N. 66), Cases both of advance and re- 
cess occur during a revolution of the two planets ; but 
those* in which ^e apsides advance, preponderate. 
This, however, is not the full amount of the motion of 
the apsides ; part arises also from the tangential force 
(N. 63), which alternately accelerates and retards the 
velocity of thcT disturbed planet. An increase in the 
planet's' tangential velocity diminishes the curvature of 
its' orhit, and is equivalent to a decrease of central force. 
On the contrary, a decrease of the tangential velocity, 
which increases the curvature of the orbit, is equivalent 
to an increase of central force. These fluctuations, 
owing to the tangential force, occasion an alternate re- 
cess and advance of the apsides, after the manner 
already, explained (N. 66\, An uncompensated poition 
of the direct motion arismg from this cause, conspires 
with that aheady impressed by the radial force, and in 
some cases even nearly doubles the direct motion of 
these pointy. The motion of the apsides may be repre- 
sented, by supposing a planet to move in an ellipse, 
while the ellipse itself is slowly revolving about the sun 
in tfie same plane (N. 67). This motion of the major 
axis, which is direct in all the orbits except that of die 
{^anet Venus, is irregular, and so slow, that it requires 
more than 109,830 years for the major axis of the 
earth's orbit to accompKsh a sidereal revolution (N. 68), 
that is, to return to the same stars ; and 20»^984 years 
to complete its tropical revolution (N. 69), or to return 
to tho same .equinox. The difference between these 
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t^o periods arises from a retrograde mptioii in th^ 
equinoctial point, whiqh ineets the adv^ing axis be- 
fpre it has comple^d its revolution with regard to the 
stars* The major axis» of Jupiter's orbit requires. UQ 
less than 200, 61 Q ye^rs to perforn^ its sidereal revolutioni 
and 22,748 years to accomplish its tropical revolution . 
from the disturbing action of Saturn alone. 

A variation in the eccentricity of the (disturbed plan^tV 
orbjt,. is an immediate cgnsequence of the deviation from 
elliptical curvature, caused by the action of the dis- 
turbing force. When th^ path' of the body, in pro- 
ceeding from its perihelion tQ its aphelion, is more curved 
thaD it ought to be frpm the el^ect of the disturbing forces, 
it falls wijthin thi^ elliptical orbit, the eccentricity , is di- 
minished, 4nd t^e orbit becomes morQ nearly circular ; 
when that curvature is less than it ought to be, die path 
of the planet falls without its elliptical orbit (N. 66), l^ld 
the eccentricity is increased : during these changes, th^ 
length of the major axis i? not altered, the orbit only 
bulges out, o^ becomes ];npre ilat (N. 70). Thus thQ 
vaiiajtion in the .eccentricity arises from the same pause 
that occasions the motion pf the apsides (N* 67). There 
is an. inseparable connection between these two ele- 
ments;^ they vary simultaneously, and have the sam^ 
period ; so that while the inajor axis revolves in an im- 
mense period of tame, the eccentricity increases and 
decreases t^yveiy small quantities, and at length returns 
to its original magnitude at each revolution of t^e apr 
sides. The terrestrial eccentricity is decreasing at th^ 
rate of about 40 miles annually; and, if it wwe to de- 
crease equably^ it w^puld be 3^,861 years before th^ 
eaith^s orbit became a circle. The mutual action o^ 
Jupiter and Saturn occasions venations in the eccentri- 
city of both orbits, tiie greatest eccentricity of Jupiter's 
orbit cpr responding, to the least of Saturn's*. The 
period in wl;iich these vicissitudes are accomplished is 
70,414 years, estimating the action of these~two planetfi 
^one : but if the action of all the planets wbre estimated* 
the cycle would extend to millions of yeai's. 

That part pf the distnr^ipg Coi^ce is noW tx) be con- 
sider.ed whicj^ acts. ppTpepdipuMy tQ the ptojQ^ of the 

i#it, smmgP9P9i^<f pfjett^jcboi^s in l^xsm^^ »<sfivks 

2 b2 
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▼ariations in the inclination of tiie orbit, and a retrograde 
motion to its nodes on the ' true plane of the ecliptic 
(N. 71). This force tends to pull the disturbed body- 
above, or push (N. 72) it below, the plane of its orbit, 
according to the relative positions of the two plants with 
regard to the sui^ considered to be fixed. By this 
action, it sometimes maizes th^ plane of the orbit of the 
disturbed body tend to coincide with the plane of the 
ecliptic, and sometimes increases its inclination to that 
plane. In conse(]^uence of which, its nodes alternately 
recede or advance on the ecliptic (N. 73). When the 
disturbing planet is in the line of the disturbed pianette 
nodes (N. 74), it n0ither affects these points, the latitude, 
nor the inclination, because both planetstire then in the 
same plane. When it is at ri^ht angles to the Une of 
the nodes, and the orbit symmetrical on each side of the 
disturbing force, the average motion of these points^ 
after a revolution of the disturbed body, is retrograde, 
and comparatively rapid ; but when the disturbing planet 
is so situated that the orbit of the disturbed planet is pot 
symmetrical on each side <^ the disturbing force, which 
is most frequently the case, every possible variety of 
action takes place. Consequently, the nodes are per- ~ 
petually advancing or receding with unequal velocity; 
but, as a compensation is not effected, their motion is, 
on the whole, retrograde. " . > 

With regard to the variations inthe indination, it is 
clear, that, when the orbit is symmetrical on each side 
of the disturbing force, all its variations are compensated 
after a revolution of the disturbed body, and are merely 
periodical perturbations in the planet's latitude ; and no 
seculat change is induced in the inclination of the orbit. 
When, on the contrary, that orbit is^not symmetrical on 
each side of the disturbing force, although many of the 
variations in latitude are transient or periodical, still, 
after a complete revolution of the disturbed body, a 
portion remains uncompensated, which forms a secular 
change in the inclination of the orbit to the plane of the 
ecliptic. It is truoj part of this sectflar change in the 
inclination is compensated by the revolution of the dis- 
turbing body, whose motion has not hM^h^trto been taken 
into the account, so that perturbation compensates pef- 
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tuHiation ; but stUl, a comparatirvdly permanent change 
is effected in the inclination, which is not compensate^, 
till the nodes have accomplished a complete revolution. 

The changes in the inclination are e^^tremely minute 
(N. 75), compared with the motion of the nodes, and 
there is the same kind of inseparable connectiop between 
their secular changes that there is between the variation 
of the eccentricity and .the motion of the major axis. 
The nodes and inclinations vary simultaneously) their 
periods are the same, and very great. The nodes of 
Jupiter's orbit, from the action of Saturn alone, require 
36,261 years to accomplish even a tropical revolution. 
In what precedes, the influence of only one disturbing 
body has been considered ; but When the action and re- 
action of the whole system is taken into account, every 
planet is acted uponf and does itself act, in this manner, 
on aH the others'; and the joint effect keeps the incli- 
nations and eccentricities in a state of perpetual variation. 
It makes the major axis of all the orbits continually ron 
volve, and causes, on an average, a retrograde motion of 
the nodes of each orbit upon every other. The ecliptic 
(K. 71) itself is in motion from the .mutual action of the 
earth and planetSr so that the whole is a compou&d phe- 
nomenon of great Complexity, extending through \|in- 
known ages. At the present time the inclinations of all 
tiie orbits are decreasing, but so slowly, that the incli- 
nation of Jupiter's orbit is only about six minutes less 
than it waa in the age of Ptolemy. 

But, in ihe midst of all these vicissitudes, the length 
.of the major axis and the mean motions of the planets., 
lemain permanently indep«id|8nt of secular changes.. 
They are so connected by ll^e^ler's law, of the squares 
of the periodic times being ]|roportional to the cubes of 
the mean distances of the planets from the sun, that one 
cannot vary without affecting the other. And it is 
proved, that any variation^ which tio take place are 
transient, and depend only on the relative positions of 
the bodies. 

It is true that, atcording to theory, the radial disturb- 
ing force should permanently alter the dimensions of all 
the orbits, and the periodic times of all the planets, tQ a 
certakn. degree. For example, the masses of aH tkie 
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f^oels revelYiog within the orbit of any -one, siich as 
Mars, by adding to the interior mass, increase the at- 
tracting force of the< sun, which, therefore, naust con* 
tract the dimensions of the orbit of that planet, and di- 
minish its periodic time ; while the planets exterior to 
Mars' orbit must have the contrary eflfect. But the 
ma^ of the whole of the planets and satellites taken to< 
gether is so small, when compared with that of the sun, 
that these effects are quite insensible, and eouJd only^ 
have been dSiscovered by theory. And, as it is certuQ 
that the length of the major axes and the mean nnotions 
aj^e not permanently changed by any other power what- 
ever, it may be concluded that they are invariable. 

With the exception of these two elements, it appears 
that all the bodies are in motion, and eyery orbit in & 
state of perpetual change. Minu^ as these changes 
are, they mi^t be supposed to accumulate in the course 
of ages, sufficiently to derange the whole order of naw 
ture, to alter the relative positions of the planets, to put 
an. end. to the vicissitudes of the seasons, and to bring 
aboujt collisions which would involve our whole system, 
now so harmonious, !» chaoti6 confusion. It is natural 
to inquire, what ]»'oof eJLists that nature will be pre- 
served fi'om sudi a catastrophe ? Nothing can be known 
from observation, since the existence of t£e human race 
has occupied comparatively but a poiiat in duration, 
while these vicissitudes eaibrace myriads of ages. The 
proof is simple and conclusive. All the vai^iations of 
the BoAsr system, seculai* as welf as periodic, are ex- 
pressed analytically by the sines and cosines of circular 
arcs (N. 76), which increase with the time ; and, as a 
sine or cosine can never exceed the radius^ but must 
oscillate between zero and unity', however much the 
time may increase, it follows that, when the variations 
have aceumulaled to a maximum, by slow changes, , la 
however long a time, they decrease, by the same slow 
degrees, till tkej arrive at their smallest value, again to 
begin a new course ; thus forever oscillating about a 
mean vakieu This circumstance, however, wouM be 
insufficieik, were it not fer the small eccentricities of 
the ptaaetary orbits, their minute inclinations to th« 
pine of file eel^tie, and tiM imnkiiaoiiB of all the bodies, . 
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as well planets as satellites, in the same direction. 
These secure the perpetual stability of the scdar system 
(N. 77). The equilibrium, however, would be de- 
ranged, if the planets moyed in a resisting medium 
{N. 78) sutlkiently dense to diminish their tangeodai ^ 
velocity, for then both the eccentricities and libe major 
axes of the orbits would vary with the time, sO tJiat the 
stability of the system would be ultimately destroyed- 
The existence of an ethereal fluid is now proved ; and 
although it is so extremely rare that hitherto its effects 
on the motions of the planets have been altogether in- 
sensible, there can be no doubt that, in the immensity 
of time, it win modify the forms of the planetary orbits^ 
and may at last even cause the destruction of our sys- 
teln, which in itself oontains.no principle of decay, uBiess 
a rotatory motion from wes^to east has been given to diis 
flnid by the bodies of die sokr system, whiek have ail 
been revolving about the sun in that direction for un- 
knovni ages. This rotation, w^ch seems to be hi^ly 
probablf , may even have been coeval with its creation. 
Such a vertex would have no effect on bodies moving 
with it, but it would influence the motions of those re» 
voMng^in a contrary direction. It is possible that the 
disttui-bances experienced by comets which have already 
revealed the existence of this fluid, may also, in time, 
disclose its rotatory motion. 

The form and position of the planetary orbits, lind the 
motion of the bodies ii{ the same direction, tojgetiier widh 
the periodicity of the terms in which the inequalities 
are expressed, assure us that the variations of die sys- 
tem are: confined within very narrow limits, and that, 
aldiough we do not know the extent of the limits, nor 
the period of that grand cycle which probably embraces 
millions of years, yet they never will exceed what is 
requisite for the stability and harmony of the whole, for 
the preservation of which every circumstance is so beau- 
tffully and wonderfully adapted. 

The pime of the ecliptic itself, though assumed to be 
fixed at a given epoch for the convenieirce of astronomic 
cal computation, is subject to a minute secular variation 
of 45"* 7, occasioned by the reciprocal actH>n of the plan- 
ets. But, ^ this id also periodical, and cannot exceed 
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2°. 42', the- terrestrial' equator, which;is inclined to it at 
an angle of 23° 27' 34"'69, will never coincide with the 
plane of the ecliptic : so there never can be perpetual 
spring (N. 79). The rotation of the earth is uniform ; 
therefore day and night, summer and winter, will coii- 
tinue their vicissitudes while the system epdures, or is 
undisturbed by foreign causes. 

•* Yonder starry sphere ^ 

Of planets and of fix'd, iji all her wheels 
Resembles nearest niazes intricate, 
Eccentric, intervoived, yet regular, , 
Then most, when most irregular they seem." 

The stability of. our i^stem was established by La 
Grange : ** a discovery," says Professor Playfair, " tliat 
tsa&t render the name forever memo]:able in science^ 
and revered by those who delight in the contemplation 
^ whiitever is excellent and sublime." After Newton's 
discovery of the mechanical laws of the elliptical orbits 
of the planets, Ls Grange's^ discovery of their periodical 
inequaUties is, without doul^, the noblest truth in physic 
cal astronomy;. and in respect of the doctrine of final 
causes, it may be regarded as the greatest of all. ■« 

Notwithstanding the perpianency of oui' system, |he 
secular variations in '.the planetary orbits would have 
been extremely embarrassing to astronomers when it 
became necessary to compare observations separated by 
long periods. .The difficulty was in part. obviated, and 
the principle for accomplishing it established, b;^ La 
Place, and has since beea extended by M. Poinsot. It 
appears that there exists an invariable plane (N. 80), 
passing- through the center of 'gravity of the system, 
about which the whiple oscillates ^ithin very i^arrow 
limits, and ,that this plane will always remain parallel to 
itself, whatever changes time, may induce in the orbits 
of the planets, in the plane of the elliptic, qi? even in 
the law ef gravitation; provided only tnat our system 
remains unconnected with any other; The position of 
the plane is determined by this proper^ — thfct, if- each 
particle in the system be multiplied by the area de- 
scribed upon this plan in a given time, by the projection 
of its radius vector about the common center of gi-avity 
of the whole, the sum of all these products will be a 
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maximum (N. 81). L% Place found ;that the plane in 
question is inclined to the ecliptic at an angle of nearly 
1^ 34' 15'S and that, in passing through the sun, and 
about midway between the orbits of Jupiter and Saturn, 
it itiay be regarded as the equator of tJie solar system, 
dividingJt into two parts, which balance one another in 
all theif motions. This plane of -greatest inertia, by no 
means peculiar to the solar system, but existing id every 
system of bodies submitted to their mutual attractions 
only, always maintains a fixed position, whence the 
oscillations of the system may be estimated through 
unlimited time. Future asti-onomers will know, from 
its immutability or variation; whether the sun and his 
attendants are -connected or not with the other systems 
of the universe. Should there te no link between llMla, 
It may be inferred, from ^he rotation of the sun^ that 
the center of gi*avily(N, 82) of the System situate within 
his mass describes a straight line in this invariable plane 
or great equator of the solar system, iwhich, unaffected 
by the changes of time, will maintain its stability thi^ough 
endless ages^ Rut, if the fixed stars, comets, or any 
unknown and unseen bodies, affect our sun%nd planets, 
ttid nodes of this plane will slowly recede on the plane 
of that immense orbit Which the spa may describe about 
some most distant center, in a period- which it transcends 
the powers of man to determine. There is every rear , 
son to believe that this is the case ; for it is more than 
probable that, remote as the fixqd stars are, they in 
some degree infiuenoe our System, and that oven the 
invariability of this plane is rebitive, only appearing fixed 
to creatures inca,pable of estimating its minute and slow 
changes during the small extent of time and space grant- 
ed^ to the human race. **The development of such 
changes,*' as M. Poinsot justly observes, *Ms similar to 
an enonttQus Qurve, of which we see so small an arc, 
that we imagiftti it to be a straight line.'* If we raise 
our vieWA to the whole extent of the universe, and con- 
sider thO" stars, together with the sun, to be wandering 
bodies, revolving i^ut the comraoa center of creation, 
we may then recognize in the equatorial plane passing 
through the center of gravity of the universe the only 
instance of absolute and eternal repose. 
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jLllihe peribdic and secular inequalities deduced ftotiX: 
tbe law <&■ gravitrffion are so perfectly confirmed by ' 
^ observation, that analysis has become one of the most 
certain means of discovering the plaiiletaty jrre^larities^ 
either when they are too Small, or too long in their 
periodic, to be detected by other methods. Jupiter and • 
Saturn, however, eijiibit inequalities which for a long 
time seemed discordant wit& that law. All observations, ' 
from those of the Chinese and Al-abs down to the |»os- 
s ont day, prove that for ages the mean motions of Jupiter 
and Saturn- havm been affected by a great inequality xtf 
a very long period, forming an apparent anomi^ly in the 
thebty of the planets. It was long known by obserya- 
tioh that five tithes the mean motion of Saturn is neariy 
equal to twice that of Jupiter: la relation wiiichth© 
sagacity of La Place perceived to be the cause of. a' 
^riedic iri*egularity in the mean motion of each of tiies# ■ 
planets, whicl^ completes Its period in nearfy 91^ years, 
the one l*ing retailed while the ether is acoele^ted; 
but>oth the magnitude and period 6f these quantities 
tary in consequence of the secular variations in tiie 
elements ef ^e orbits. Suppose the two planets to be 
tft the B^me side of the sun, &nd all three in the same 
straight line, they are then said to be in conjunction 
^(N. 83). No^, if they begin to move at the same timei» 
dne fu^ldng eltacdy five revolutions in its orbit, while the 
other only accompiishes two, it is clear that Saturn, thf 
slow-moving body, will only have got through a part of 
its orbit during the time that Jupiter has made one 
tvhole revelution and part of ano&er, before they be 
again in conjunction. It is found that during this time 
their mutual action is such as to produce It great many 
perturbations which compensate each other, but that 
there still remains a portion outstanding, owing 1^ the 
lengdi of time during which the foi%es act in the same 
manner ; and if the conjunction always happenedin the 
tilune-point of the orbit, this uncompensated inequality 
in the meau motion would go on increasing till the peri- 
^ic times and forma of the orbits were completely and 
permanently changed : a case that would actually take 
place if Jupiter accomplished exactly five revolutions in 
the titne Saturn performed two. These revplutionsi 
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ire, however, not exactly commensurable ; the poiUlS i» 
"W^ich the conjunctions take place aMi in advance eaeh 
time as much as 8° -37 ; so that the conjunctions do not 
happen> exactly in the sapie points of the orbits till after 
. a period of 850 yeai« ; and, in consequence of this small 
advance, the planets are brought into such relative post- , 
tions that the inequality which se^tned to threaten the 
stability of the system is completely compensated, and 
the4)oaies, having returned to the same relative positions 
w|th regard to one another and the sun, begin a new 
course. The secular variations in the elements of vthe 
orbit increftise the period of the inequality to 918 yeai*s 
(N- 84). As any perturbation which affects ^he mean 
motion affects also the major axis, the disturbing forces 
tend to' diminish the major axi*" of Jupiter's orbit and . 
increase that of Saturn's during one half of the period, 
ftnd the contrary during the^ther half. This inequaliiy * 
is strictly periodica), since it d^penids upoii the configura- 
tion (N. 85) of the two planets ; , and theory is ipenfirmed 
by observation, which ish^ws that, in the coui'se of twenty 
centuries, Jupiter's mean motioii has been accelerated 
by about 3°'23', and Saturn's retarded by 5*^, 13^ Sev- 
eral instances of perturbations of thiis kind occur in tb« 
solar system." One, iu the mean inotions of the Earth 
iEind VeHus, only amounting to a fbw seconds, has been 
recently worked out with immense labor, fey Professoj* 
Airy. It accom|dishes its changes in 340 years, and 
arises froih the circumstance of thirteezf times the peri- 
:odic time of Venus being nearly equal to eight times 
that of the Earth. Smafi as it is, it is sensible in the 
motions of the Earth. 

It might be imagined that the reciprocal action of such 
planets as have satellites would be different froiji the 
influence of those that have none. But the distances of 
the satellites from their jprimiaries are incomparably less 
than the distances of tft6 planets ^m the sun, and from 
one another; so that the system of a planet and its 
satellites moves nearly as if all 'these bodies were united 
in their common center of gravity. The action of the 
sun, however, in some degree disturbs the motion of the 
satellites about their primary. 

O 
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▼ariatioDS in the ibclination of the orbit, and a retrograde 
motion to its nodes on the ' true plane of the ecliptic 
(N. 71). This force tends to pull the disturbed body- 
above, or push (N.* 72) it below, the plane of its orbit, 
according to the relative positions of the two plants with 
regard to the sui^ considered to be fixed. By this 
action, it sometimes makes thd plane of the orbit of the 
disturbed body tend to coincide with the plane of the 
ecliptic, and sometimes increases its inclination to that 
plane. In consequence of which, its nodes alternately 
recede or advance on the ecliptic (N. 73). When the 
disturbing planet is in the line of the disturbed planet*« 
nodes (N. 74), it n0ither alfects these points, the latitude, 
nor the inclination, because both planets^are then in the 
same plane. When it is at ri^ht angles to the line of 
the nodes, and the orbit symmetrical on each side of the 
disturbing force, the average motion of these points^ 
after a revolution (^.the disturbed body, is retrograde, 
and comparatively rapid ; but when the disturbing planet 
is so situated that the orbit of the disturbed planet is not 
symmetrical on- each side of the disturbing force, which 
is most frequently the case, every possible variety of 
action takes place. Coilisequently,' the nodes are per- 
petually advancing or receding with unequal velocity; 
but, as a compensation is hot i^ffected, their motion iA, 
on the whole, retrograde. ^ . » , 

With regard to the variations inthe inoKnation, it is 
clear, that, when the orbit is symmetrical on each side 
of the disturbing force, all its variations are compensated 
after a revolution ef the disturbed body, and are merely 
periodical perturbations in the planet's latitude ; and no 
secular change is induced in the inclination of the orbit.. 
When, on the contrary, that orbit is^not symmetrical on 
each side oP the disturbing force, although many of the 
variations in latitude are transient or periodiwd, stiD, 
after a complete revolution of the disturbed body, a 
portion remains uncompensated, which forms a secular 
change in the inclination of the orbit to the plane of the 
ecliptic. It is true^ part of this secular change in the 
inclination is com]>ensated by the revolution of the dis- 
turbing body, whose motion has not hlth^'i^ b^^i^ taken 
into the account, so that perturbation compensates p^- 
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effect o£-this distutfoing force in the spheroid of Jupiter 
is, to occasion a direct motion in the greater axes of, tJbe 
orbits of all his satellites, which is more rapid the 
nearer the satellite i^ to the^ planet, and veiy much ^ 
greater than that part of their motion which arises from 
Sie disturbing action of the sun. The same cause 
occasions the orbits of the satellites to remain nearly in 
thcf" {^ane of Jupiter'is equator (N. 87), on account of 
<ivhich the satellites are always seen nearly in the same 
line (N. 88) ; and the powerful action of that quantity 
of prominent matter is the reason why the motions of 
the nodes of these fimall bodies areiso much more rapid 
than those of the planet. The nodes of the fourth 
satellite accomplish a tropical revolution in 331 years; 
while those of Jupiter's orbit require no less than 
36,261 years ;— -a pi-oof of the reciprocal attraction 'be- 
tween each particle of ^Jupiter's equator and of the 
satellites. In fact, if the satellites moved exactly in the 
plan^ of Jupiter's equator, they, wbuld not be pulled 
oi:^t of that plane^ because his attraction would be equal 
on both sides of it.^ But, as their orbits have a small 
mclination to the plane of the planet's equator, there 
is a want of symmetry, and the action of the protuberant 
matter tends to make the nodes regress by pulling the 
satellites above or below th^ planes of their orbits ; an 
action which is so great on the interior satellites, that 
the motions of their nodes are nearly the same as if no 
other disturbing force existed. 

> The orbits of the satellites do not retain a pernmnent 
inelination, either to the plane of Jupiter's- equator, or 
to that of his- orbit, bu!t to certain planes passing hetween 
the two, and through their intersection. These have a 
greater inclination to his equator the farther the sate]-^ 
Ute is removed, >owing to the influence of Jupiter's 
compression ;. and they have' a slow motion correspond- 
ing to secular variations in the planes of Jupiter's orbit 
and equator. 

The satellites are not only subject to periodic and 
Sdeblar inequalities from their mutual attraction, similar 
to- those Which effect the motions and orbits pf the 
planets, but also to others peculiar to themselves. Of 
the periodic inequalities arising from their mutual -at* 
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triuMiOD, the most remarkable take pla^e in thie angtilar 
motions (N. 89) of the three nearest to Wpiter, the 
second of whieh receives from the first a perturbation 
similal* to that which it prbduces in .the thiM ; and it 
experiences from the third a perturbation similar tathat 
which it communicfttes to the first. In the eclipses 
these two inequalities are combined into one, whose 
period is 437»659 d«^. The yariations peculiar to the 
satellites arise from the secular inequalities occasion^ 
by the action of the planets in the form and position of 
Jupiter's orbit, and froni the displacement of his equator. 
It is obvious that whatever alters the relatbe positions 
of the sun, Jupiter, and his satellites, must occasion a 
change ^in the directions and intonsities of the forces, 
which will affect the motions and orbits of the satellitesi. 
For this rea^n the secular variations in the eccen- 
tricity of Jupiter's orbit occasion secular inequalities in - 
the mean motions of the satellites, and in the motions 
of the nodes and apsides of their orbits. The displace- 
ment of "the orbit of Jupiter, and the variation in the 
position of his equator, also affect these smaU bodies 
(^N.-90). The plane of Jupiter's equat<»* is inclined to 
th6 plane of his "orbit at an angle of 3° 6' 30", so that 
the action of the sun and of the satellites themsolves 
produces a nutation and precession (N. 91) in, his equa- 
tor; precisely similar to that which tak<es pkice in th6 
rotation of the earth, from the action of the sun laind 
moon. Hence the protuberant matter at Jupiter's equa- 
tor is continually changing its position with regard to 
the satellites, and produces corresppnding mutations in 
their motions. And, as the cause must be prdportional 
to the efifect, these inequalities afford the means, not 
only of ascertaining the compression of Jupiter's sphe- 
roid, but they prove that his mass is not homogeneous^ 
Althou^ the apparent diameters of the sateffites are 
too small to be measured, yet their perturbations give 
the values of their masses with considerable accuracy^ 
a striking proof of the power of analysis. 

A singular law dbtains among the mean motions a'nd 
mean longitudes of the fii'st three satidites. It appears 
from observation that the mean motion of the first 
satellite, plus twice that of the third, is eqt^al to three 
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times (lifit of the seeoiid; and tl|«t the mean longitudo 
of the first satellite, minus three times tiiat of the 
second,, plus twice that of the third, is always equal to 
two right angles. It is proved by theory, &at if these 
relations had on jy been approxinoate when the satellites 
were first launched into space, their i^utual attractions 
would have established and maintained themt .notwith* 
standing the secular inequalities to which they are 
^able. They e3(tend to thi? synodic motions (N> 92) cf 
the satellites ; consequently u|ey affect their eclipses, 
and have a very great infiuenc(9 on their whole theory. 
The satellites move so nearly in the plane of Jupiter's 
equator, which has a very small inclination to his orbit, 
that the first three are eclipsed at each revolution by 
the shadow of the planet, which is much larger, than 
the shadow of _ the moon; the fourth, satellite is not 
eelipsed so frequently as the others. The eclipses 
take place close to the 4isc of Jupiter when he is near 
opposition (N. 93); Init at times his shadow is so pro* 
jected with regard to the earth, thatt the third and 
fourth satellites vanish and reappear on the same side 
of the .disc (N. 94). These ecUpses are. in all respects 
similar to those of the mbon : buti occasionally, the 
satellites eclipse Jupiter, sometimes passing like obscure 
9pots across his sur^e, resembling anncdar eclipses pf 
the sun, and sometimes like a Inright spot traversing one 
of liis dark belts. Before of^xosition, the shadow of the 
satellite, like a round black spot, precedes its passage 
over the disc of the planet; and afber oppositioa, the 
shadow fotlows'the satellite. \ 

In consequence jof the relations already mentioned m 
thd mean motions and mean longitudes of the fii-st three 
satellites, they never can be all eclipsed at the same 
time. For when the «econd and thiM are in one direc- 
^oni the first is in the opposite direction ; consequently, 
when the first is eclipsed, the other two must be be* 
tween the ^un and Jupiter. The instant of the begin- 
ning or end of an eclipse of a satellite marks the seme 
instant of absolxHe time to all the inhaMtants of the 
e^rth; therefor^,. |he time of the«e e^paes observed 
by a traveter, when compared with tine time of tba 
eclivM QiijgA(«tf«d for Qr^m^wiok, <nr mf 4>th^ ^md 
c 2 
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meridian (N. 96), gives the difference df the meridians 
in time, and, consequently, the longitude of the place of 
-observation. The eclipses .of Jupiter's satellites have 
been the means of a discovery whichi though not so 
immediately applicable to the wants of man, unfolds 
one of the properties of light — that mediuih without 
whose cl\eering influence all th^ beauties of the creation 
would have been to Us a blank. It is observed, thaj; 
those eclipses of the first satellite^ which happen when 
Jupiter is near conjunction (N. 96^, are later by 16" 
26**6 than 'those which take place wnen the plimet is in 
opposition. As Jupiter is nearer to us when in opposi- 
tion by the whole breadth of the earth's orbit than 
whdn- in conjunction, this circumstatice is attributed to 
the time employed by the rays of light in crossing the 
earth's orbit, a distance of about 190,000,000 of miles ; 
whence it is estimated that light travels at the rate of 
190,000 miles in ope second. Such is its velocity, that 
the earth, moving at the -rate of nineteen raises in a 
second, would take two months to pass through a dis- 
tance which a ray of light would dart over in eight 
minutes. The subsequent' discovery of the abeiT€ttion 
of light confirmed this astonishing result. 

Obje^s appear to be situated in the direction of the 
rays which proceed from them. Wfere light promigated 
instantaneously, every object, whethefr at rest 6r m mo- 
tion, would '^appear in the direction of these rays; but 
as light takes some time to travel, . we see Jupiter in 
conjunction, by means' of rays that left him 16" 26"*6 be- 
fore; but, during that time, we have changed our posi- 
tion, in consequence of the motion of the earth In its 
orbit : we therefore ref^r Jupiter to a place in whictf he 
is not. His true position is in the. diagonal (N. 97) of 
thiB parallelogram, whose sides are in the- ratio of the 
velocity of light to the velocity of the earth in its orbit, 
Which is as 190,000 to 19, or 10,000 to 1. In conse- 
quence of the aberration of light, the heavenly bodies 
seem to be in places in which they are not. In fact, if 
die «arth were at rest, rays from a star would pass along 
the axis of a telescope directed to it; but if the earth 
were to begin to move in its orbit, with its nsual velocity* 
these rays would strike agakist the side of the tube; it^ 
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would, therefore, be necessary to incline the telescope 
a little, in order 'to see the «tar. The angle containea 
between l^e axis of t)ie telescope and a line' drawn to 
the true place of the star, is its aberration, which varies 
in quantity and direction in diflferent parts of the earth^s 
orbit ; but as it is only 20'' -36, it is insensible in ordinary 
cases (N.'98).^ - 

The velocity of light deduced from the observed aber- 
ration of the fixed stars |>erfect]y corresponds with that 
given by the eclipses of tjie first satellite. * The same 
result, obtained from sources so different, leaves not a 
doubt of its truth'. Many such beautiful coincidences, 
derived frotn circumstances apparently the most un- 
promising and dissimilar, o6Cur in physical astronomy, 
and prove connections which we might otherwise be un- 
able to trace. The identity of the veloci^ of light, at 
the distance of Jupiter, and on the earth's surface, shows 
that its velocity is uniform ; and if light consists in the 
vibrations bf an elastic fluid or ether filling^ space, a hy^ 
pbthesis which accords best with observed phenomena, 
the uniformity of its' velocity , shows that 'the density 
of the fluid throughout the whole extent of the solar 
system must be proportional, to its elasticity (N, 99). 
Among the fortunaite conjectures which have been con- 
fened by subsequent experience, that of Bacon is not 
the least retnarkable." '* It^ produces in me," says the 
restorer of true philosophy, " a doubt whether the face 
of the serene and starry heavens be seen at the instant 
it really exists, or not till some time later : and whother 
there be not, with respect to the heavenly bodies, a true 
time and an apparent time, no less than a true place 
and an apparent place, as astronomers say, on account 
of parallax. For it seems incredible that the species or 
rays of the celestial bodies ban pass through the im- 
mense interval betvveen them and us in an , instant, or 
that they do not even require some considerable portion 
oftinie." 

Great discoveries generally lead to a vioiety qf con- 
clusions : the aberration of light affords a direct proof of 
the motion of the earth in its orbit; and its rotation is 
proved by the theory of fi^lBng bodies, since the centri- 
fugal force it induces retards the oscillations of the pen- 
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idulum.(|^. lOOVin goios from the pole to Jlie equator. 
Thus 9. high*aegree of scieDtific knpwi^ge has been 
requisite tq dispel the errors of the senses. 
■*- The UtU^ that is known of tl^e theories, of the saiel- 
iites of Saturn and UraquB, ^9, in all respects, similar to 
that of Jupiter. Saturn is aceompanied by sevep satel- 
lites, the most distant of which i^ Bbaiit tha size of the 
planet Mars. Its orbit has a seusibie incliuation to the 
plane of the ring; but thereat. comproHsiuti of Sutruro 
occasions the otE^r satellites to niovo n^iarly iu t^i*i pliine 
of his equator. So Qiany cirounisLELnces must concur to 
render the two interior satoUites visible^ that they hav*? 
very rarely been seen. They move exactly ut the edge 
of the ring, and their orbits navar devjatje from its plane. 
In 1789, sir William Herschel saw tbem^ like ijenik, 
threading the slender line of light which the ring i^^ i*e- 
duced to, when. seen edgewij^e from the ^artli» And 
for a short time he perceived them advaDciag otf it at 
each ond, when turning round iu tlit3ir orbits Tho 
eclipses of the exterior satellites only take place when 
the ring is in this position. Of the giniatjon of the equa- 
tor of Uranus we know notliiiig, nor of his cDrnpressiori ; 
but the orbits of his satellite.^ are nearly perpeadicultir 
to the plane of the ecliptic; and, by analogy, thc^y ought 
to be in tl^ plane of his equator. Uranus is »q remote 
that he has more the appeariince of a pknetary nebula 
than a planet, which renders it exti'emely dil!icull; to 
distinguish the Sjatellites at uit ; and quite hopeless with- 
out suqh a telescope as is rarely to he tnet with even in 
observatories. Sir*^ -William UeradiDl discovered six, 
an4 determined the motions of two of them ; but from 
that time the position of the plane t has been such m to 
render farther ob9er¥ation$ impossible. ' The &ubjecjt 
has recently ocpupiod the attention of iu^ son, who nas 
found evidence of the general correctness Of his fath^r^s 
views* ?LQd has been enabled to determine the eleijnents 
of the motions of these minute objects with more accu- 
racy. The first satelli|;e perforn;^ it9 revolution about 
Uranus iu B'^ 16^ 5^*^ i^''6 ; and tlie aiecond satellite ac- 
complishes its period in IS** ll** 7™ 12'-6. The orbits of 
both seom to ^lave an inclination of abQut 101°*2 to the 
pl^j^o of tl^e ^p(ie; a^d the^ mol^ofj^offof i^e eiv^- 
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ler phehoraei^n of being retrograde, oi: from east to * 
west; while aU the^ planets and the other satellites re^ 
volve in the contrary direction. Sir John Herschel coulcl^ 
not perceive the smallest indication of a ring. 



. Section V. 

Lunar Theory— Periodic P«rturfaftti6n« of the Moon — ^Eqaation of Center* 
£vection — ^v'ariatioa — Annual Equation — Direct and Inditect Action ^ of 
Planets — The Moon's Action on the Earth disturbs her own Motion — 
Eccentricity and Inclination, of Lunar Orbit Invaziablfi — AcoeleYation— 
Secular Variation in Nodes and Perigee — Motion of Nodes and Perigee 
inseparably connected with the Acceleration — Nutation of Lunbr Orbit 
^Form and Internal Structure of the Earth determined from it — Lunar, 
Solar, and Planetary Eclipses— Occultations and Lunar Distanees-r-Mean 
Distance of the Sun from tin Eartli obtained ffom Lunar Theory — Abso* 
lute Distances of the Planets, how Found. 

Our constant companion, tib^e moon, next claims our 
attention. Several circumstsinpes concur to render her 
motions the most interesting, ^nd at the same time, the 
most difficult to investigate^ of all the bodies of our sys-r 
tern. In the solar systemf^ planet troubles planet ; butia 
the lunar theory, the sun is the great disturbing cause ; 
his vast distance being compensated by his enormous 
magnitude, so that the motions of the moon are more 
irregular than those of the planets; and, on'^account of 
the great ellipticity-of her orbit, and the size of the sun, 
the approximations to her motions- are tedious and diffi- 
cult, beyonji what those unaccustomed to such investiga- 
tions could imagine. The average distance of the moon 
from the center of the ea^rth is ouly 2i37,360 miles, so 
that her motion among the stars is perceptible in a few , 
hours. She completes a circuit of the heavens in 
27** 7^ 43™ 4"*7, moving in an orbit whose eccentricity is 
about -12,985 miles. The moon is about four hundred 
times nearer to the earth than the sun. The proximity . 
of the moon to the earth keeps them together. JFor so 
great is the attraction of the sun, that if the moon were 
farther from the earth, she w'ould leave it altogether, and 
would revolve as an independent planet about the sun. 

The disturbing action (N. 101) oCtiie sun on the nioon 
i|3 e(]|uival6nt to three forces. " The first, acting in the 
direction of' the line joining the moon and earth, in- 
3 
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creases or diminishes her gravity txi the earth. The 
second, acting in the direction of a tangent to her orbit, 
disturbs' her motion in longitude ; and the^third, acting 
perpendicularly to the plane of her orbit, disturbs her 
motion in latitude— ^that is, it brings Jier nearer or re- 
moves lier farther from the plane of the ecliptic- than 
she would otherwise be. The periddic perturbations 
in the moon arising from these forces, are perfectly sim- 
ilar to the periodic perturbations of the planets. But 
they are much greater and niore numerous ;~ because 
the sun is so large,. that many, inequalities which are 
quite insensible in the motions of j;he planets, are of 
great magnitude in those of the moon. Among the. in- 
numerable periodic inequalities to which the moon's , 
motion in longitude is liable, the most temarkable are, 
the Equation of the Center, which is the difference be- 
tween the moon's mean and true longitude, the Evec- 
tion,\the Variation, and the Annual Equation. The 
disturbing force which acts in the line joining the moon 
and earth produces , the Evection : it diminishes the ec- 
centricity of the lunar orbit m fonj unction and opposi- 
tion, thereby making it more eii'cular, aud augments it 
in quadrature, which consequently renders it more ellip- 
ticEd. .The period of thia iLK?quulitj is less than thirty- 
two days. Were the increase and diminution always 
the same, the Evection would only depend uppn the 
distance of the moon from the sun j but its absolute 
value also vaiies with Lor disiuuce fioin the perigee 
(N. 102) of her orbit. Ancient astronomers, who ob- 
served the moon solely with a view to the prediction of 
eclipses, which can only happen in conjunction and oppo- 
sition, where the eccentricity is diminished by the Evec- 
tion, assigned- too small a valiiis to the ellipticity of her 
orbit ^N. 19i3). ^The Eyection was discovered by Ptole- 
my from observation, about a. d. 140. The variation 
produced by the tangential disturbing force, which is 
at its maximum when the itioon is 45® distant from the 
sun, vanishes when that distance amounts, to a quadrant, 
and also when the moon is in conjunction and opposi- 
tion ; consequently, that inequality never could have 
been discovered from the eclipses; its period, is half a 
lunar month (N. 104). ' The Annual Equation depends 
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upon the sun's distance from the. earth : it arises fi*oni 
the moon's motion being accelerated when that of the 
earth. is retarded, atid vice versa — ^for when the earth is 
in its. perihelion, the lunar orbit is enlarged by the ac- 
tion of the sun; therefore, the. moon requires^ more 
time to perform her revolution. But, as the earth ap-. 
preaches its aphelion, the moon's orbit contracts, and 
less time is necessary to accomplish her' motion— its 
period, consequently, depends upon the lime of the^ 
year. In the eclipses, "the annual equation combines 
with the equation of the Center of the terrestrial orbit, 
so that ancient astronomers imagined the earth's orbit 
to have a greater eccentricity than modern astronomers 
assign to it. . ' . 

The planets disturb the motiod. of .the moon both 
directly and indirectly : their action on tiie earth alters 
its relative position with regard t» the sun and moon, 
and occasions inequalities in. the moon's motion, which 
are more considerable than those arising from, their ■ 
direct action ; for. the same reason the moon, by disturbs. 
. ing the earth. Indirectly disturbs her -bwn motion. Nei- 
ther the eccentricity of the lunar orbit, nor its mean 
inclination to the plane of the ecliptic, have, experienced 
any changes from secular inequalities ; for, although 
the mean action of the sun on the moon^ depends upon 
the inclination of the lunar orbit to the ecliptic, . and the 
position of the ecliptic is subject to a secular inequality, 
yet analysis shows that it does not occasion a secutoi*. 
variation in the inclination 6f the lunar orbit, because 
the action of the sun constantly brings the moon's orbit - 
to the same in.cIination to (he ecliptic. The mean mor 
tion, the nodes, and. the perigee, however, are subject, 
to very remarkable variations. 

From the eclipse observed by the Chaldeans at Baby- 
lon, on the 19th of March, seven hundred and twenty- 
one years before the Chrbtian era, the place of the^ 
moon is known from that of the sun at the instant of 
opposition (N. 83), whencte her mean longitude may be 
found. But the comparison of this mean longitude with 
another itiean longitude, computed back for the instant 
of the eclipse from modem observations, shows that the 
inoon performs her revolution round the earth more 
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rapidly fend in a shorter time now than she did formerly ^- 
and that the/acceleration in her mean motion has been 
increasing from age to age as the square of the- time 
(N. 105). ^ All ancient and intermediate eclipses confii-m 
iiiis result. As the mean motions of the planets have 
no secular inequalities, this seemed to be an unaccount- 
able anomaly. It was at one time attributed to the re- 
sistance of an ethereal medium pervading space, and at 
another to the successive' transmission of the gravitating 
force. But as La Plac'e proved that neither of these 
causes, even if they exist, have any influence on the 
motions of the lunar perigee (N. 14)2) or nodes, they 
could not affect the mean motion ;. a variation in the 

. mean motion from such causes being inseparably con- 
nected with the variations in the motions ofthe perigee 
and nodes. That great mathematician, in studyipg tlie 
theory of Jupiter's satellites, perceived that the secular 
variation 4n the elements of Jupiter's orbit, ^rom the 
action of the planets, occasions corresponding changes- 
in the motions of the satellites^ which^led him to sus- 
pect that the acceleration in the. mean motion of the 
'moon might be connected with the. secular vm'iatioii in 

^ the eccentricity of the terrestrial orbit. Analysis has 

, shown that he assigned the true cause of the acceleration. 
It is proved that the greater the eccentricity of the 
terrestrial orbit, the gi'eater is the disturbing action of 
the sun on the moon. Now as the ecceiitricity has 
been decreasing for ages, the effect of the sun in dis- 
turbing the raDon has bee^ diminishing during that time. 
Consequently the attraction ofthe earth has had a more 
and more powerful^ effect ofts the moon, and has been 
continually diminishing the size of the lunar orbit. So 
that the moon's velocity haS been gradually augmenting 
for many cetituries to balance the increase, of the earth's 
attraction.^ This secular increase in the moon's velocity 

^is called the Acceleration, a name peculiarly appropriate 
at present, and which tvill continue to be so for a vast 
number of ages; because, as long as the earth's eccen- 
tricity diminishes, the- moon's mean motion will be ac- 
celerated ; but whfen the eccentricity has passed its 
minimum, and begins to increase, the mean motion will 
be. retarded from age to age. The secular acceleration 
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is now about 14"*9, but its effect on the moon** p^ace 
increases as the square of the time. It is remarkable 
that the action of the planets^ thus reflected by the sun 
to the moon, is much more sensible than -their direct 
action either on the earth or moon. The secular dimi- 
nution in the eccentricity, which has not altered the 
equation of the center of the sun by, eight minutes since 
the earliest recorded eclipses, has produced a variatipn 
of about 1° 48' in the moon^s longitude, and of 7° 12.' in 
her mean anomaly (N, 106). 

The action of the sun occasions a rapid but variable 
motion in the nodes and perigee of the lunar orbit. 
Though the nodes recede during liie greater part of the 
moon's revolution, and advance dunng the smaller, they 
perform their sidere^ revolution in. 6793'^ 9^ 23° 9*-3 ; 
and the perigee accomplishes a revolution in 3232'' 13^* 
48'" 29*'6, or a little more, than nine years, notvnth- 
standing its motion is sometimes retrograde a^d some- 
times direct : but such is the difference between the. 
disturbing energy of the sun and that of all the planets 
put toge£er,^ tluit it requires no less than 109,830 years 
for the greater axis of the terrestrial orbit to do the 
same, moving at the rate of ir'«8 ahnuaUy. ,The forni 
of the earth has no sensible effect either on the lunar, 
nodes or apsides.' It is evident that the same secular 
variation which changes the sun's distance from the 
e^Lrth, and occasions the acceleration in the moon's mean 
motion, must affect the nodes and perigee. It conse- 
quently appears, from theory as well as observation, that 
both thdse elements are subject to a secular inequality, 
arising from the variation in the eccentricity of the 
earth's orbit, which connects them with the Acceleration, 
so that both are retaitled when the m^an motion is an- 
ticipated.. The secular variations in these three ele- ^ 
ments are in the ratio of the numbers 3, 0*73d, and 1 ; 
whence the three motions of the moon, with regard, to 
the sun, to her p^igee^ and to her nodes,, are continu-, 
ally accelerated, and their secular equations are as the 
numbers 1, 4*702, and 0-612. A comparison of ancient 
eclipses observed >y the Arabs, Greeks, aod Chaldeans, 
imperfect as they a^e, with modern observations, con- 
firms tliese results of analysis. Future ages will dd- 
D 
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▼elop these great inbquaUties, which at some, most 
diiBtaiU; period will amount to many cirqumferences 
(N. 107). They are, indeed, periodic; but who shall 
tell their period ? Millions of years must elapse before 
that great cycle is. accomplished. ' ' 
' The moon is ^o near, that the excess of matter at the. 
earth'B equator occasions periodic variations in her lon- 
.'gitude, and also that remarkable inequality in her lati- 
tude, already mentioned as a nutation in the lunar orbit, 
which diminishes Its inclination to t)ie ecliptic when the 
■ >-m«i6n*s ascending node ' coincides with the equipox of 
spring, and augments it when that node coincides with 
the equinox of autumn. As the cause must be propor- 
tional to the effect, a comparison of these inequalities, 
conlputed from theory^ with the 8am0 given by obser- 
vation, shows that th^ compression of the terrestrial 
spheroid, or the ' ratio of the difference between the 
polar and the ^quatorial^ diameters, to the diameter of 
the equator, is ^Trs-T?- ^^ ^^ proved analytically, that if 
a fluid mass of homogeneous matter, whose particles 
attract each other inversely as the squares of the dis- 
tance, were to rev(dve about an axis as the earth does, 
it would assume the form of a spheroid whose compres- 
sion is ^Q^. Since that is not the case, the earth can- 
not be homogenieous, but must decrease in djsnsity from 
its . center to its circumference. Thus the mpon?s ^ 
eclipses show the earth to be round ; -and her inequaU- 
:ties not only determine the form, but even the internal 
structure of bur planet ; results of anailysis which could 
not^have been anticipated. Similar inequalities in the 
motions of Jupit^er's satellites prove that' his mass is not 
iiomogeneous, and that ' his compression is y|.^: His 
equatorial diameter exceeds his polar diameter by about 
6000. miles.. 

The phases (N. 108) of the moon, v^hich ygqy from 
a slender silvery crescent soon after conjunction to a 
complete circular disc of light in opposition, decrease by 
the same degrees till the moon is again enveloped in 
the morning beams of the sun. These changes regiilate 
the returns of the eclipses. Those of the sun can only 
happen in conjunction, when the moon, coming between 
the earth and the sun, intercepts his light. Those of 
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the mooD ai'e occasioned by the earth intervening be- 
tween the sun and moon when in opposition. As the 
earth is opaque and nearly spherical, it throws a conical 
shadow on the side of the moon opposite, to the sun, the 
axis of which passes through the centers of the sun arid 
eartb (N. 169). The length of the shai^ow terminates 
at the point where the apparent diameters (N^ 110) 
of the sun and earth would be the same. When the 
moon is in opposition, and at her mean distance, the 
diameter of the^ sun would be seen from her center 
under an angle of 1918"'l. That of the earth Would 
appear under an angle of 6908''*3. So that the length 
of the shadow is atleast three times and a half greater 
than the distance of the moon from the earth, and the 
breadth of the shadow," where it is traversed by the 
moon, is about eight-thirds of the lunai* diameter. Hence 
the moon would be eclipsed every time she ii» in oppo- 
sition, were it not for the inclination of her orbit to the 
plane of the ecliptic, in consequence of which the moon 
when m opposition is either above or below the cone of 
the earth's shadow, except when in or near her nodes. 
Her position with regard to them occasions all theTari- 
etiies in the lunar ecHpses. Eyery point of the mpon's 
surface successively loses the light of different parts of 
the.suii's disc before being, eclipsed. * Her brightness 
therefore gi*adua]ly diminishes before she plunges ipto 
the earth's shadow. The breadth of the space occupied 
by the penumbra (N. Ill) is equal to the apparent di- 
ameter of the sun, as seen from the center of the mo6n. 
The mean duration of a revolution of the sun, with re- 
gard to the node of the luhai' orbit, is to the duration of 
a synodic revolution (N.1,12) of the moon as 223 to 19. 
. .So that, after a period of 223 lunar months, the sun and 
moon would return to the same relative. position with 
regard to the node of the moon*s':orbit, and therefore 
uthe eclipses would recur in the' same order, were not 
' the periods altered by iiregularities " in th^ motions of 
the sun and moon. In lunar eclipses, our atmosphere 
bends the sun's rays which pa^s through it all round 
mto the cone of the earth's shadow. And as the hori- 
zontal-refraction (N. 113) or bendiiig of the rays sur- 
passes half the sum of the semidianieters of the sun 
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and. moon, divided by their mutud distance, the center 
of the lunar disc, suppbsed to be in the axi^ of the 
shadow, would receive the rays from the same point of 
the sun, round all sides of the «arth, so that it would b^ 
more illuminated than in full moon, if the greater por- 
tion ofihe light werp not stopped or absorbed by the 
atmosphere. Instances are recorded where this feeble 
light has been enthrely absorbed, so that the moon has 
altogether disappeared in her eclipses. 

The sun is eclipsed when the moon intercepts his 
rays (N. 114). The moon, though incompwrably smaller 
than the sun, is 'so much nearer the earth, that her 
apparent diameter differs but little from his, but both 
are liable to such variations, that they alternately sur- 
pass one another. Were the eye of a spectator in. the 
same straight line with tlie centers of the sun and moon, 
he would see the sun eclipsed. If the apparent diame- 
ter of the moon surpassed that of the sun, the eclipse 
would be total. If it were less,' the observer would see 
a ring of' light rouiid the disc of the inoon, au^ the 
eclipse would be annular, as it was on the 17th. of May, 
1836. If the center of the moon should not be in the 
straight line joining the centers of the sun and the eye 
of the observer, the moon might only eclipse a part of 
the sun. The variation, therefore, in the distances of 
the sun and moon from the center of the eai'th^^ and of 
the moon from her node at the instant of conjunction, 
occasions great varieties in the solar eclipses. Besides, 
the height of the moon above the horizon changes her 
apparent diameter, and may augment or climinii^ the 
apparent distances of the centers of the sun and nnjon, 
so that an eclipsjs. of the isun may occur to the inhabi- 
tants of one country, and not to those, of anotlier. In 
this respect tJie sblar eclipses differ from the lunai^ 
which .are the same for every part of the earth where 
the mooii is above the horizon. In solar eqlipses, the 
light reflected by the atmospherer diminishes the obscu- 
rity they produce. Even in total eclipses the higher 
part of the atmosphere is enlightened by a part of the 
sun's disc, and reflects its rays to the earth. The whole 
disc of the new moon is frequently visible from atmos- 
pheric reflection. 
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A phenomenon altogether unprecedented Dccuri'ed 
during the total eclipse of the sun which happened on 
the 8th of July, 1842. The moon was like a black 
patch on the sky sUrrounded by a faint whitish light 
about the eighth of the moon's diameter in breadth, in 
which three red flames appeared in form like the teeth 
of a saw ; from wHat cause they originated, or what 
they were, is t6tally unknown. 

Planets sometimes eclipse one another. On the 17th 
of May, 1737, Mercury was eclipsed by Venus near 
their inferior conjunction ; "Mars passed over Jupiter on 
the 9th of January^ 1591 ; and on the 30th of October, 
1825^ the moon ' eclipsed Saturn. These phenomena, 
however, happen very seldoni, because, all the planets, 
or even tf part of them, are very rarely seen in con- 
junction at once ; that is, in the same part of the heav- 
ens at the .same time. More than 2500 years before 
pur era, the five great planets were in conjunction. On 
the 15th of September, 1186, a similar assemblage took 
place between .the constellations of Virgo and Libra ; 
and in 1801, ttfe moon, Jupiter, Saturn, and Venus 
were United in the heart of tiie Lion. These conjuno- 
tions are so rare, that Lalande has computed that more 
than seventeen millions of millions of years separate the 
epochs of the contemporaneous conjunctions ofth^ six 
great planets. 

The mptions of the moon have now become of more 
importance to the. navijgator and geographer than tl^ose. 
of any other ' heavenly body, fronT the precision with 
which terrestrial longitude is determined by occultations 
of stars, and by lunar, distances. In consequence of the 
retrograde motion of the nodes of the lunar orbit, at the 
rate of S' 10"'64 daily, these points.uiake a tour of the 
heavens in a little more than eighteen years and a half. 
This: causes the moon to move round < the earth iti a kind 
of spiral, so that her disc at difterent times passes over 
every point in a zone of the ^leavens^ extending, rather 
more than 5° 9' on each side of the ecliptic. It is there- 
fore evident, that kt'one time or other she must eclipse 
every star and planet she meets with in this space. 
Therefore the occultation of a star by the moon is a phei*- 
nomepon of frequent occurrence. The moon seems to 
d8 
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pass oV&r the star, which almost instantaneously vanishes 
at one side of her disc, and after a short time as suddenly 
reappears on the other. A lunar distance is the ob- 
served distance of the nioon from the sun, or from a 
particular- star or planet, at any instant. The lunar the- 
ory is brought to such perfection, that the times of these 
phenomena, observed under any meridian when Com- 
pared with those computed for Greenwich in the ^f auti- 
cal Almanac, give the longitude of the observer within a 
few miles (N. 95). 

I^rom the lunar theory^ the mean distance of the sun 
from the earth, and thence the i^hole dimensions. of the 
solar system, are known. For tlie forces which, retain 
the earth and .moon in their orbits are respectively pro- 
portional to the radii vectores of the earth and moon, 
each being divided by the squjare of its periodic time. 
And as the lunar theory gives the ratio of the forces, 
the ratio of the distances of the sun and moon from 
the earth is obtained. Hence it appears that the sun*s 
mejBin distance froln the earth is 396, or nearly 400 
times ^eater than that of the moon. The method t)f 
finding the absolute distances of the celestial, bodies in 
miles, is in fact the same "(vith that employed in meas- 
uring the distances of terrestrial objects; From the 
e'xtremities of a known base (N. 115), the angles which 
the visual rays from thq object forna with it, are meas- 
ured; their sum subtracted from two right angles gives 
the angles opposite the base; therefore, by trigononietry, 
all the angles and sides of the triangle may be computed 
r— consequently the distance of the object is found. The 
-angle under which the basp of the triangle is seen from 
the object is the parallax of that object. ' It evidentlyin- 
creases and defcreases with the distance. Therefore the 
base must be very great indeed to be visible from the 
celestial bodies. The globe itself, whose dimensions tire 
obtained by actual admeasurement, fui^iishes a standard 
of measures,^ with which we compare the distances, 
masses, densities, and volumes of the sun ancf planets^ 
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'- Section VL 

Forni of the Earth and Planet8--Fi|[ure of a Hbmoganeoni Spheroid in 
Rotation — Fig-are of a Spheroid of Variable Density — ^Fig^axe dL the 
Earth, supposing it to be an Ellipsoid of Revolution — Afensuration of a 

'• Degnree of the Meridian — Conipressioh and Size of the Earth Irom 
Degrees of^eridian— Figure of Earth from the Pendulum. 

The theoretical inve^gatioti of the figure of the earth 
and planets is so complicated, that neither -the geometry 
of Newton, nor the refined analysis of La Place, has 
attained, more than an approxunation. It is only within 
a few years that a complete* and finite solution of that 
difficult problem has been accomplished by our distin' 
guished countryman Mr. Ivory. The investigation has 
been conducted by successive steps, beginning with a 
simple case, and then proceeding to the more difficult. 
But in all, die forces which occasion the revolutions of 
the earth and platiets are omitted, because, by acting 
equally upon aU the particles, they do not disturb their 
mutual relations. A fluid mass of uniform density,.who8e 
particles mutually gravitate to each other, wiU assume 
the forih of a sphere when at rest. But if the sphere 

. begins to revolve, every particle will describe a circle 
(N. 116), having its center in the axis of revolution. 
The plemes of 3l these circles will be parallel to one 
another and perpendicular to the axis, and the particles 
will have a tendency to fly from that axis in consequence 
of the centrifugal force arising from the velocity Gf:rota- 
tion. The force of gravity is everywhere perpendicular 
'to the surface (N. 117), and tends to the interior of the 
fluid mass ; whereas tne centrifugal force acts perpen- 

. diculany to the axis of rotation,, and is directed to the 
extei'ior. And as its intensity diminishes with the dis- 
tance from the axis of rotation, it decreases from the 
equator to the 'poles, where it ceasps. Now it is clear 
that these two forces ara in direct Opposition to each 
other in the equator alone, and that gravity is there di- 
minished by the whole effect of the centrifugal force, 
whereas, in every other part of the fluid, the centri^gal 
foi^e is resolved into two parts, one of which, being per-" 
peadicular to the surface, diminishes the force of gray* 
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ify; but the ^ other, being at a tangent to the surface, , 
urges tJie particles toward the equator, where they ac- 
cumulate till their numbers compensate th^ diminution 
of gravity, which makes the maSs bulge at the equator, 
and become flattened at the poles. It appears, then, that 
the influence of the centrifugal fdi*ce is most powerful at 
the equator, not t)nly because it is actually greater there 
than elsewhere, but because its whole effect i« employed 
in diminishing gravity, whereas, in every other point of 
the fluid mas^s, it is only a part that is so employed. For 
hoth these reasons, it gradually decreases tbward the 
poles, where it ceases. On the. contraiy, gravity is least 
at the equator, because the , particles are fJEurther from 
the center of the mass, and increases toward the poles, 
whetB it is greatest. It is evident, therefore, that, as 
the centrifugal force Is much less than the force of gr&v^ 
ity — ^vitation, which is the difierence between the 
two, is least at the equator, and continually increases 
toward the poles, where it is a maximum. On these 
principles Sir Isaac Newton proved that a homogeneous 
fluid (N. 118) mass in rotation assumes the form of an 
ellipsoid of revolution (N. 119), whose compression is 
■Ajf. ' Such, however, canuot be the form of the «artfa, 
because the strata increase in density toward the center. 
The^liinar inequalities also prove the eartli to be so con- 
structed ; it was requisite, therefore, to consider the fluid 
liiass to be of vaiiable density. - Including this condition, 
it has been found that the mass, when in rotation, would 
still assume the form of an ellipsoid of revolution ; that' 
the particles of equal density would arrange themselves 
in concentric elliptical strata (N. 120), ^the most dense 
being in the center; but that the compression or flat- 
tening would be less than in the case of the homogene- 
ous fluid. The compression is still less when the mass 
is considered to be, as it actually is, a solid nucleus, de-^ 
creasing regularly in density from the oenter to the sur-, 
fapier and . partialis covered by the ocean, because the 
80^ p^rts, by their cohesion, nearly destroy that part 
of the centrifugal force which giveaJihe particles a ten- 
dency to accumulate at the equator, though not alto- 
gether ; otherwise the seai by the superior mobility~of 
its particles, would flow toward the equator and leave 
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the poles dry. Beside, it is well known, that the con- 
tinents at the equator are more elevated than they are 
. in higher latitudes. It is also necessary for the equili- 
brium of the ocean, that its density should be less than 
the mean density of the earth, otl^erwise the continents 
Would be perpetually liable to. inundations from storms, 
and other causes. On the whole, it appears from the- 
ory, that a horizontal line passing round the earth 
through both poles, must bo nearly an elltpse,^havipg its 
major axis in the plane of the equator, and its minor 
axis coincident w^th the axis '^ of the earth's rotation 
(N. 12i). It is easy to show, in a spheroid whose 
strata are ^iptical, that the "increase in the .length of 
the radii (N. -122), the decrease of gravitation, and the 
increase -in the length, of the arcs of the meridian, cor- 
responding to angles of one degree,, from the poles to 
the equator, are all proportional to the square of the co- 
sine of the latitude (N. 123). These quantities are so 
connected with the ellipticity of the spheroid that the 
total increase in the length of the radii is equal to the 
compression or ffaftening, and* the total diminution in the 
length of the arcs is equal to the compression, multi- 
plied by three times the length of an arc of one degree 
at the equator. > Hence, by measuring . the meridian 
curvkture of the earth, the compression, and conse- 
quently its figure, become known. This, indoed, is as- 
suming the earth to be . an ellipsoid -of revoltition, but 
^the actual measurOment of the globe will show ho"^ far 
it^corresponds with that solid in figure and constitution. 

The courses of the gi'eat rivers, which are in general 
navigable to a considerable extent, prove that the curva-r 
ture of the land diffors but little from that of the ocean ; 
and as the heights of the mountains and contiqents are 
inconsiderable when compared with the magnitude of 
the earth, its*" figure is understood to be determined by 
a surface at every point perpendicular to the direction 
oT gravitation, or of the plumb-line, and is the-'same 
which the sea wquld have, if it were continued all rouuct 
the earth beneath the continents. Such is the figure "^ 
that has been measured in the following manner : — 

A terrestrial meridian is a line .passing through both 
poles, all the pointd of which have their noon, contem- 
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poraneously. "V^Tere the lengths ancl curvatures of dif- 
ferent meridians known, the figure of the earth might 
be determined. But the length of one degr^ is suffi- 
cient to give the figure of the earth, if it be measured 
on diiferent meridian^, and in a variety of latitudes. For 
if the earth were a sphere, aU degrees would be of the 
same length; but' if not; the lengths of the degrees 
WQuld be gi'eater, exactly in proportion as the curvature 
is less. A con^parison of the length of a degree in dif- 
ferent parts of the earth's surface, will therefore idet;er- 
mijle its size and form. 

An arc of the meridian may be measured by observ- 
ing the latitude of its extrenae points (N. 1*24), and then 
measuring- the distance between themjn feet or fath- 
oms. The distance thus determined on the surface of 
the earth, divided by th« degreed and parts of a degree . 
contained in the difference of the latitudes, will give the 
exact "length of one degree, th(9 difference of the lati- 
tudes being the- angle contained between the verticals 
at the extremities ot the arc. This would be easily ac- 
complished were the distance unobstructed, an^ on a 
level with the sea. Butf on account of the inbumerable 
obstjacles on the surface of- the earth, it is necessfiry to 
connect the extreme points of thp arc by a series of tri- . 
angles (N. 125), the sides and angles of which ^.re either 
measured or computed, ^o that tne length of the arc is 
ascertained with much laborious calculation. In conse- 
quence of the irregularities of the surface, eaph triangle 
is in a different plane. They must therefore be reduced 
by computation to what they would have heen had they 
been, measured on the >urface of the sea. And as the; 
earth, may in this case be esteemed spherical, they re- 
guh'e a correction to reduce them to spherical triangles. 
The gentlemen who conducted^ the trigonometrical surr 
vfey, in measuring 500 feet of a base in Ireland twice, 
over, found that the difference in the two measurements 
did not amount to_ the SOOth part of an inch. Such is. 
the accuracy with which these operations are cbhduct- 
• ed, and which they require. 

Arcs of the meridian have been measured in a variety 
of latitudes north and south, as well as arcs perpendicu- 
lar to the meridian. From these measurements it ap- 
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pears that the lengtl^ of the degrees increases from the 
equator to the poles, nearly in proportion to the square 
of the. sine of the latitude (N. 126). Consequentlyt the 
conyexity of -the earth diminishes from the equfitor to 
the poles. . 

Were the earth.an ellipsoid of revolution, the merid- 
ians would be ellipses whose' lesser axes would coinGide 
with the axis of rotation^ and all the degrees measure^^ ' 
between the pole and the equator rwould give the same 
compression when combined two and two. That, how- 
ever, is far from being the case. Scarcely any of the 
measurements give exactly the same results, (chiefly on 
account of local attractions, which- cause the plumb line 
to deviate from the vertical. The vicinity of mountains 
has that effect. But one of the most remarkable, though 
not unprecedented, anomalies takes place in the plains of 
the north pf Italy, where the action of some dense sub-: 
terraneous matter causes the plumb-line to deviate seven 
or eight times more than it did from the attraction of 
Chimborazo, in the experiraejQts of Bouguer, while 
measuring f degree of the meridian at the equator. In 
consequence of this local attraction, the degrees of the 
' meridian in that part of Italy seem to increase toward 
the equator through a small space, instead of decreasing* 
as if the earth wais drawn oijit at the poles, instead of 
being flattened. 

. Many Other discrepancies occur, but from the >meaQ 
of the five principal measurements of arcs in Peru, India, 
France, England, and Lapland,.Mr. Ivory has deduced 
that the figure which most nearly follows this law is an 
ellipsoid of revolution whose equatorisd radiuisis 3962*824 
miles, and the polar radius 3949*585 miles. The differ- 
ence, or 13*239 miles, divided by the equatori^ radius, , 
is ^1^. nearly. This fraction is called the compressioa, 
of the earth, and does not differ much from that given 
by the lunar inequalities. Ifwe assutne t^e earth to 
be a sphere, the length of a degree ^f t^a meridian is 
69^ British miles. Therefore 360 degrees, or ^the 
whole circumference of the globe, is 24,656 mlles,j and 
the diameter, which is something less than a third of 
the circumference, is about 7^16, or 8000 miles nearly. 
Eratosthenes, who died 19>4 veal's before the Christian. 
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era, was the first to give an approximate' Talne .)f the 
earth*8 circumference, by the measurement of an arc 

" between Alexandria and Syene. 

There is another method of finding the figure of the 
earth, totally different from the preceding, solely depend- 
ing upon the increase of gravitation frora^ ^e equator to 
the poles. The force of gravitation at any place is 

Measured by the descent of » heavy body during the first 
fecond of its fall. And the intensity of the centrifugal 
force is measured by the deflection of any point from 'the 
tangent in a second. " For, since the centrifugal force bal- 
ances the attraction of the earth, it is an exact measure of 
the gravitating foi*ce. Were thp attraction to cease',*a body 
on the surface of the earth would fly off in the tangent 
by the centrifugal force, instead of bending round in 1;ha 
circle of rotation. Therefore, the deflection of tlie cir- 
cle from the tangeht in asecohd measures the intensity 
bf the earth's attraction, and is equal to' the veYsed sine 
of the arc described^during that time, a quantity easily 
determined from the known velocity of the earth's rota- 
tion. Whence it has been found, that at the equator 
the centrifugal force is equal to the 289th part of gravity. 
Now, it is proved by analysis that whatever the consti- 
tution of the earth and planets may be, if the intensity 
of gravitation at the equator be taken equal to unity, the 
sum of the compression of the ellipsoid, and the whole 
increase of gravitation frona the equator to the pole, is 
equal to five halves of, the ratio of the centrifugal force 
to gravitation at the equator. This quantity with regard 
to the earth is f of ^j^, or xisi' Consequently, the 
compression of the earth is equal to y-j-j. o diminished by 
the whole increase of gi-avitation. ^o that its form will 
be known, if the whole increase of gravitation from the 
equator to the pole can be deternrined by experiment. 
This has been accomplished by a method founded upon 
the following considerations : — If the earth were a homo- 
geneous sphere without rotation, its attraction on bodies 
at its surface would be everywhere the same. If it 
be elliptical and of variable density, .the force' of gi-avity, 
theoretically, ought to increase frotn the equator to the 
pole, as \m\typlus a constant quantity multiplied iiito the 
Square of the sine of the latitude (N. 126). But for a 
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spheroid in rotatioD, the centrifiigal force varies, by the 
-*>iws of mechanics, as the square of the sine of the lati- 
tude, from the equator, where it is greatest,' to the pole, 
where it vanislies. And as it tends to make bodies Hj 
off the surface, it diminishes the force of gravity by a 
small quantity. Hence, by gravitation, which is thb di^ 
fer^nce of these two forces, the iall of bodies nought to 
be accelerated from the eqpiator to the poles proportion- 
ably to the square of the sine of the latitude ; and th* 
weight of the same body ought to increase in.that ratio. ' 
This is directly proved by the oscillations of the pendu- 
lum (N. 127), which, in ikct, is a falling body; for if the 
fbU of bodies be accelerated, the oscillations will be- more 
rapia : in order^ therefore, that they may always be per- 
formed in the same time, the length of the pendulum 
must be altered. By numerous and careful e^peri>- 
ments, it is proved diat -a 'pendulum whith, oscillates 
86,400 times in a mean day at the -equator, will do the 
same at eveiy point of the earth's surface, if its length 
be increased progressively to the pole, as the square of 
the .sine of the latitude. ^- 

From the mean of these it appeais that the whole 
decrease of gravitation from the poles to the equator ie 
0*005.1449, which, subtracted from 3-77.21 shows that 
the compfessimi of the terrestrial spheroid is about 
^Itt- 2V ^^^ value has been deduced by the late Mr. 
Bflily, president of the Astronomical Society, who has 
devoted much attention to this subject ; at the same 
time, it may be observed that no two sets of pendulum 
experiments give, the same result, probably. frotn local 
attractions. Therefore, the Question cannot be con- 
sidered as definitively settled, though the differences 
are" very small. The compression obtained by this 
method does not differ much from that given by the 
lunar inequalities, nor from the arcs in the direction of 
the meridian, and those perpendicular to it. The near 
coincidence of thes^ three valaes, deduced by methods 
so entirely independent of each other, shows that the 
mutual tendencies of the centers of the celestial bodies 
to ono another and4;he attraction Of the earth for bodies 
at its surface result from the reciprocal attraction of all 
their particles. Another proof may be . added. The 
4 E 
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nutation eif the eartib'» as^is and the precessioD.of the 
«quinoxe|9 (N. 143) are opca^ioned by the aQtion of the 
pun and moon on the protuberant matter at the earth's 
equator. And althon^ these inequalilaes do not ^e 
thetabsohite value of the terrestrial compression, they 
ahow ^at the fraction expre^ing it, is cpminrised be- 
tween the limits -^ and ylr* 

It might . be expected that the same ' compression 
should result from each, if the different methods of ob- 
servation «ould be made without error. This, However, 
is not the case ; for, after allowance ha»been made for 
every cause of error, such discrepancies .are found, both 
in the. degrees of the meridian ^and in thejeogth of the 
pendulum, as show that the figure of the earth' is. very 
complicated. ^But they are so small, when compared 
with the general results, that they may be disregarded^ 
The compression deduced ^from the mean of the whole 
appears not to. differ niuch from jj^ij-; that given by the 
lunar theoi^ has the advantage of being independent of 
the irregularities of t^e earth's surface and of local bX- 
tractions. The regularity with which the observed 
variation in the length of the pendi^lum follows the law 
of the square of me sine of the. latitude, .proves the 
strata, to be elliptical, and symmetrically disposed round 
the center of gravity of the earth, v^hich affords a strong 
j^resumption in favor of its original fluidity. It is re- 
markable how little influence thd sea has on the varia- 
tion of the lengths of the arcsr of the meridian, or on 
gravitation ; neither does it much affect the lunar inor 
qualities, frbnl its density being only about a fifth of the 
mean density of the earth.' For, if the earth were to 
becomp a fluid, after being stripped of the ocean, it 
would asaume the form of an ellipsoid of revolution 
whose compression is ^^J^.^, which; differ^^ very little 
from that determined by. observation, and proves, not 
only that the density of the ocean is inconsiderable, but 
that its mean depth is very small. There may be pro* 
found cavities in the bottom of the sea, but its mean 
depth probably does not much exceed the mean height 
of the continents and islands above its level. On &is 
account, immense tracts of land. may be deserted or 
overwhelmed, by the ocean, as .appears. really to have 



BscT.VII. PABAtLAX &1 

been the case, without any great change iii the form (^ 
the terrestrial spheroid. . The variation in the length of 
the pendulum was first remarked by Ricbter in X67^ 
while observing- transits of the iixed stars across the 
meridian at Cayenne, ^boiit five degrees north t^.the 
equator. He found that his dock lost at the rate :of 
2°^ 28*^ duly, which induced him to determine the 
length of a pendulum beating seconds in that latitude; 
afid repeating ^e experiments on his return to £urope, 
he found the. seconds' -pendulum at Paris to be more 
than the tvfelfth of an inch longer than that at Cay^me. 
The form and size of the earth heing determined, 
a standard of measure is furnished with n»vhich the di- 
mensions of the solar system may be compared. 
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Parallak— Lunar PutillBx found from direct Oboervation— Solar Pamllax 
dedaced -from the T-ranaii of Venu8->Dt8tanee of tl^e ■Sun.fimn tl)a 

Earth — Annual Parallax— Distance. of the Fixed Stars. 

The parallax of a celestial body is the angle under 
which the radius of the earth wo)dd be seen, if- viewed 
from the center of that body ; it affords the means of 
ascertaining^ the distances of the sun, moon, and [iilanets 
(N^ 123)- When the moon is in the horizon at the 
instant of rising ol^ setting, suppose lines to be drawn 
from her center to the spectator and to the center of the 
earth ; these would form a right-angled triangle with 
the terrestrial radius, which is.c^^a known len^ ; and 
as the pwallax or an^ at the moon can be measured, 
all the angles and one side are given; whence the 
distance of the mpon from the center of the earth may 
be computed. The parallax. of an object may be found, 
if two observers imder the same meridian, but at a very 
great distance from one another, observe its zenith 
distances on the same day. at the time of its passage 
over the meridian. By such eontemporaneous obser- 
vations, at the Cape of Good Hope and- at Berlin, the 
mean 'horizontal parallax of the moon was found to be 
'3459'', whence the mean distance of the moon is about 
•ixty times the mean terrestrial radius, or 237,360 milen 
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nearly. Since the parallax is equal to the radius tit the 
earth divided by the distance of the moon, it varies with 
the distance of the moon from the eaith under the 
same parallel, of latitude, and proves the ellipticity of the 
lunar orbit. When the moon is at her mean distance, 
it varies with the terrestrial radii, thus showing that 
the earth is not a sphere (N. 129). ' 

Although the Aiethod described is sufficiently accurate 
for finding the; parallax of an object as near as th'emoon,. 
it will not ^Dswer for the sun, which is so renoote that 
the smallest error ^ in observation would lead to a false 
result. Btit that dilticulty is obviated by the transits Jof 
Venus. When that planet is in her nodes (N. 130), or 
within l|^ of them, that is, in/ or nearly in, the plane 
of the ecliptic, she is occasionally seen to pass over the 
sun like a black spot. If we could imagine that the sun 
and Venus had no pai-allax, the line described by the 
planet on his disc, and theduratiQn of the transit, would 
be the same to all the inhabitants of the eaith. But as 
the semi-dia~meterof the earth has a sensible magnitude 
when viewed from the ceilter of the sun, the line de- 
scribed by the planet in its passage over his disc appears 
to be nearer to his center, or farther-from it, accordhig 
to the position of the observer; so that the duration chT 
the transit varies With the different points of the earth's 
surface at which it is observed (N. 131). This differ- 
ence *of time, being entirely the effect oP parallax, fur- 
nishes the means of computing it from the known 
motionsof the earth and Vquus, by the same method as 
for the eclipses of the sun. In fact, the ratio of the 
distances of Venus and the sun from the earth at the 
trnie of the transit are known from the theory of their 
elliptical motion. Consequently the ratio of the, paral- 
laxes of these two bodies b^ing inversely as their dis- 
tances, is given ) and as the transit gives the difference of 
the paralleaes, that ef the sun is obtained. In 1769. the 
parallax of the sun was deterniined b^ observations of a 
transit of Venus made at Wardhus in Lapland, and at 
Otaheite in the South Sea. The latter observation was 
the object of Cook's first "voyage. The transit lasted 
about six hours at Otaheite, i^nd the difference- in dura- 
tion at these two stations was eight minutes; whence 
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the sun^s horizoDtal parallax Was found to be 8''*72^ 
But. by 'ptber considerations it has bee^ rieduced by 
Professor Encke to 8'''5776 ; from which the mean 
distance of the sun appears to be about ninety-five m^il^ 
liox&s of miles. This is confirmed by an inequality in the ' 
motion of the. moon, which depends upon the parallax of 
the sun, and i;^ich,.when comf^ared with observation, 
gives 8"'6 for the sun's pardlax. 

( The' parallax of Venus is- determined by her transits ; 
.that of Mars by direct observatioD,' and it- is found to be 
nearly double that of the sun, when the planet is in 
ppposition. The distance of these two planets from 
^e earth is therefore known in terrestrial radii, conse- 
, quently their mean distances from the sun niay be 
computed; and as the ratios of the distances of tiie 
planets from the sun are known by Kepler's law, of the 
squares of the periodic times of any two planets being 
as the cubes of tiieir mean distanc'^s from the sun, their 
absolute distances in miles are easily found (N. 132). 
This law is very remiurkable, in thus uniting all the 
bodies of the system, and extending to the satellites as 
well as the planets. 

Far as the earth seems to be from the' sun, Uranus is 
no less tlian nineteen times fiirther. Situate on; the 
verge of the system, the sun must appear to it not 
much largerthan Venus dpes to u^. The earth cannot 
even be visible as a telescopic object to a body so re- 
mote. Yet man, the inhabitant of the eardfi, soars 
beyond the vast dimensions of the system to which hid 
pldnet belongs, and assumes the ^diameter of its orbit 
as the base of a triangle whose apex extends to the 
stars. ' 

Sublime as the idea is, this assumption ^ proves in- 
effectual, except in a very few ca^s ; for the apparent 
places of the fixed stars are not sensibly changed by-the 
earth's annual revolution. With the aid derived from 
the refinements of modem astronomy, and of the most 
perfect instruments, a sensible parallax has been de- 
tected only in a very few of these remote suns, a Ceh- 
taiiri has a parallax of one second of space,. therefore it 
is the nearest known star, and yet it is more than two 
hundred thousand times farther from us than the sun 
e2 
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is.. At such* a distance not aoly tlie terrestrial orbit 
sh^ks to a point, but the whole solar system, seen in 
Che focus of the most powerful telescope, might be 
eclipsed by the thickness of a spider's thread. Light, 
flying at the rate of 190,000 miles in a second, would 
take more -than three yfeats to travel over that space. 
One of the nearest stars ' may therefore have beeii 
kindled Or extinguished -more than three years, before 
we could have been aware of so mighty an' event. But 
this distance must be small, When compared with that 
of the most remote of Ae bodies which are yidibie in 
the heavens. The-fixed stars are undoubtedly luminous 
like the sun ; it is therefore probable that they are- not 
nearer to one another than tlie sun is to the nearest of 
them. In the milky way-' and the other stany nebula&j 
some of the stars that seem to us ta be close te others, 
may be far behind' them in the boundless depths of 
space; nay, may be rationally supposed to be situate 
many thousand times farther ojf. Light would there-- 
fore require thousands of years to come to the earth 
from those myriads of suns of which bur own is but 
♦* the remote companion." 
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ttaates of Planet* that have no Satellites determined from their Perturba-* 
tions— Masaee of the others obtained from the Motion* of their Satellites 
— Masses of the Sun, the Earth, of Jupiter, and of the Jovial Systom— 
Mass of the Moon— Real Diameters of Planets, how obtained^-$ize of 
Snn—Densitfea of the Heavenly Bodies— •Formaticm of Astronomicikt 
Table*— Requisite t>ata and Means of obtaining^ them. 

The niasses of such planets as have no sateUites, are 
known by comparing the inequalities they produce in 
the motions of the earth and of each other, determined 
theoretically, With the same inequalities given by ob^ 
servatMu; for the disturbing cause must necessarily 
be proportional to the effect it produces. The masses 
of 'the sateUities themselves may also be compared* with 
that of the sun by their perturbations. Thusi it is 
found, from the comparison of a vast iiuinber of observe/* 
tions, with La Place's theory of Jupiter's sateQites, 



8*0T. Vm. MA^ J^ THE HOONI^^ d5 

that the mass of the kvsk is no less tlran 65,000,000 
t^es gi^ater,than iher least of these mpons. Bii^as 
tfae^ quantities of matter in aay two primary planets aiw 
directly as die cubes of the mean distances at which 
their satellites reyolve, a^ inversely as the squares of 

, their peiiodic times (N. 133), the mass of the sun and 
of any. planets ^hich have satellites may. be compared 
with die mass ef the earths In this manner it is com- 
puted thaj; the mass of the suu/ is 354,936 limes' that 
of the earth; whence the, great ^perturbations of the 
moon, fihid the rapid motion of- the perigee "and nodes of 
her brbit (N. 134).. Even Jupiter, the largest of ithe 
planets, has recently teen found by Professor Airy to 
be 1048*7 times less than the jsun ; and, indeed, die 
mass of the whole Jovial System is not more than-tfae 
1046'77th part t>f that of the aun. So that, the mass of 
the satellites bears a very small proportion to that of 
their primary. The mass of the moon is determined 
from 'Several sources-^from her action on die terres- 

, trial equator,. which occasions the nutadonin the axis of 
rotation;- from her horizontal parallax; from au in-* 
equality she produces in die sun's longitude ; and from 
her action on the tides* The diree first quantities, 
cpmputed from theory and compared with dieir ob- 
served values, give her mass respectively equal to the 
T^V* t};j» *nd, ^.^ part of that of the esMi, which do 
not differ much from eadb other* Dr. Bnnkley, Bishop 
of Cloyne, has found it to be ^V ^^ the > constant (^ 
lunar nutation; but from the moon V action in raising 
the tides, her mass appears to be about^die i^ypart c^ 
that of the earth — a value that caiittot differ much from 
the truth. 

The apparent diameters of the sun, moon, and planets 
are deter^nined by measurement ; therefore, their >eal^ 
diameters may be compared with that of th^ earth; for 
the real diameter of a planet is to the real diameter of 
die earth, or 7916 miles, as the apparent diameter of 
the ptenet to the apparent diameter of the earth as seen 
from the planet, that is, to twice the parallax of the 
planet. According to Professor Bessel, the mean ap-: 
parent, diameter of diensun is 1922'^ .and with the solac 
garaUax 8''*5776^ it will be found thai; the diameter df 
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the Bun is about 886,877 miles, Th^erefore, if the cen* 
ter of tlie sun were to cwincide with the center of the 
^tiUti, his vdoine would .jiot 6n]y incitide the ofbif of 
the moon, 4)ut would extend nearly as fax: again; for 
^the moon's mean distance from the earth is about sixty 
^fanes the earth's mean radius, or 2^7,360 miles : so that 
twice the distance of the moon is 474,720 miles, which 
differs but little from the solar radius; his equatorial 
radius is probably not niuch less than- the major axis of 
the lunar orbit. The diameter of the moon is only 2160 
miles; and Jupiter's diameter of 87,000 miles is veiy 
inuch less than that of the sun ; the diametef of Pallas 
does not much exceed 79 miles, so that an inhabitant of 
that planet, in one of our steam carriages, might go 
round )^s world in a few hours. - ■ 

The ^densities of bodies ' are proportional to thei]^ 
masses, divided by their. volumes. Hence, if the sun 
and planets be assumed to be spheres, their volumes ~ 
will be as the cubes jof their diameters.^ Now, t&e ap- 
parent diameters of the sun and earth, at their mean 
distance, are 1922" and 17"'1552, and the mass of the 
earth is the 354,936th part of that of the sun taken as 
the unit. It follows, therefore, that the earth is nearly 
four times as dense as the sun. But the sun is so large, 
that his attractive ~^ force would cause bodies to fall 
through about 334-65 feet in a second. Consequently, 
if he were habitable, by human beings, they would be 
unable to move, since their weight would be thirty times 
as great as it is here. A^man of. moderate size would 
weigh about two tons at the sur&ige of the -sun ; where- 
as at the surface of the four new planets he would be so 
light, that it would be impossible to stand steady, since 
he would only weigh a few pounds. The mean density 
of the earth has been re!C0ntly determined with a de- 
^ee of accuracy that leaves nothing farther to be de- 
sired. Since a comparison tit the action of two planets 
upon a third gives the ratio of the masses of these two 
planets, it is clear that if we can compare the effect of 
the whde earth with the effect of any part of it, a com- 
parison may be instituted between the m'ass of the 
whole earth and the mass of that part of it. Now a 
leaden ball was weighed against the earth by comparing 
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the effects of ea^h upon a pendulum; tlie nearness ctf 
^ilp smaller mass malung it produce a sensible leffeot as 
obm|iared with that of ttte larger : for by the laws J^if 
attraction the whole earth must be considered as col- 
lected in its center. By this method it has been found 
that the mean density of the earth is 5'«675 limes greats 
than that of water at the tofuperature of 62'' of Faln*en- 
heifs thermometer. The late Mr. Baily, whose accu- 
racy as an experimental philosopher is acknowledged, 
was unremittingly occupied nearly four years in accom- 
plishing this very important object. All the planets and 
satellites appear to be (^ less density than the earth. 
The motion of Jupiter^s satellites show that his density 
increases toward his center: Were his mass homogene- 
ous, his equatorial and polar axis would be in th^ ratio 
of 41 to 36, whereas they are observed to be only as 4X' 
to 38. The singular irregularities in the form of Sat- 
urn, and tlie great compression of Mars, prove the in- 
ternal structure of these two planets to be very far from 
uniform. ' ' 

Before entering on the theory of rotation, it may not 
be foreign to the subject to give some idea of the meth- 
ods of computing the places Of the .planets, and of form- , 
ing astronomical tables. Astronomy is now divided into 
the . three distinct departments of theory, observation, 
and computation. Since the problem of the three bod- 
ies can only be solved by approximation, the analytical 
astronomer determines &e position of a planet in space 
by a series of corrections: Jts place in its circular orbit 
is first .found, then the addition or subtraction of the 
equation^. of the center (N. 48) to or from its mean place, 
gives its position in the ellipse. ^ This again is correctcid 
by the application of the principal peric^c inequalities. 
But as these are determined for sonae particular position • 
of ihe three bodies, tiiey require to be corrected to suit 
other relative positions% This process is continued till 
the corrections become less than the errors of observa^ 
tion, when it is obviously unnecessary to carry the i^ 
proximation furtiier. The trud latitude and distance of 
the planet from the sun sue obtained by methods eimilar 
to those employed for the longitude^ 

As the earth revolves equably about its axis in 24 
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hours, at the rate of 15^^ in an hpnr, tim^ l)ecome9 a 
measure of angular motion and the principal element in 
ai(|ronomy, where the object is to determine the exact 
state of the heavens, and the successive changes it under- 
goes in all ages, past, present, and to oome. Now the 
•-longitude, latitude, and distance i of a planet from the 
sun, are given in terms of the time, by general atielytical 
formulaB. These formulae will conser^ tie fitly give the 
exact pl^ce of the body in' the heavens, for any timcj as- 
sumed at pleasure,^ provided they can be roduced t^3 
numbers. But before, the calculator begins his taiiU, the 
observer must furnish the necessary data, which are, 
obviously^ the forms of the orbits, and their positicms 
with regard te the plane of the ecliptic (N. 57). It is 
there£:)re necessary to determine by obseiTation for each ' 
plaqat, the length of the major axis of its orbit, the ec- 
centiicity, the inclination, of the orbit to the pkiDO of the 

- ecliptic, the longitudes of its perihelion and ascending 
node at a^ven time^ the periodic time of the planet, 
and its longitude at any instant arbitrarily assumed, as 
an origin from whence all its subsequent and antecedent 
longitudes are estimated. Each of these quantities i» 
datermined from that position of the planet on which It 
has most influence. For example^ the sum of the great- 
est and least^ distances of the planet from the sun is 
equal to the m^jor axis of the orbit, and their diiference 
is equal to twice the eccentricity. . The longitude of the 
planet, when at its least distance from the sun, is the 
same with the longitude of the perihelion ; the greatest 
latitude of the planet is equal to the inclination of the 
orbit; the longitude of the planet, when in the plane of 
the ecliptic in passing toward the north, is the longitude 
of the ascending node, and the penodic time is the in- 
terval between two consecutive passages of the planet 
through the same node, .a small correction being made 
for the precession of the node, during the revolution of 
the planet (N. 135); . Notwithstanding the excellence of 

- instruments and the accuracy of modern observers, una- 
voidable errors of observation can only be compensated 
by finding the value of each elemem from the mean of 
a thousand, or even many thousands of observations. 
Por as it is probable that the errors are not all in ono 
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direction, but that some are in excess and others in de- 
fect, they will compensate each other when combined. 

However, the values of the elements determiniBd sej- 
arately, can only: be regarded as approximate, because 
they are so connected, that the estimation of any one 
independently, will induce errors in the others. The ■ 
eccentricity depends upon the longitude of the perihe- 
lion, the me^n motion depends upon the major axis,4h6 . 
longitude of the node upon the inclination of the orbit, , 
abd vice versa. Consequently, the place of a planet com- 
puted with the approximate- data will differ from its ob^ 
served place. ' Then the difficulty is to ascertain what 
elements are most in- fault, since the dtflference in xjues- 
tionis the error of all ; that is obviated by finding the 
errors of some thousands of observations, and combining 
them, "SO as- to correct the elements simultaneously, jind 
to mflike the Slim of the squares of the errors a minimum 
Vith regard to each element (N. 136). The method Of 
acc6n(iplishing this depends upon the Theory of Proba- 
bilities ; a subject fertile in most important results in the 
various departments of science and of civil life, and quite 
indispensable in the determination of astronomical data. 
A series of observations continued for some years will 
give approximate values of the secular and periodic ine- 
qualities, which mijist be corrected from time to time, 
till theory and observation agree. And these again will 
givd valuer of the masses of the bodies forming the solar 
system, which are important data in computing their 
motions. The periodic inequalities derived from a great 
number of observations are employed f^r the determina- 
tion of the values of the masses till such time as the 
secular inequalities shall be perfectly ^knov^n, which will 
then give them with all the n^cessanr precision. When 
all these quantities are determined m numbers, the lon- 
gitude, latitude, and distance of the planet from the 
sun are computed for stated intervals, and formed into 
tables, arranged according to the time estimated from a 
given > epoch, so that the place of the body may be deter- 
mined from Qiem by inspection alone, at any instant, for 
periiaps a thousand years before *and after that epoch. 
By this tedious process, tables have been computed for 
eleven planets, besides the moon and the satellites of 
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fixoe. ^ cibfien^fXyjos beoosae inore annie. Tlioae 
cjJwaiTTHrig Ua« bxCm>&» of J&^Aer. Samim. aid Uraoos, 
bdtre mirt^dy beieB twnoe ccn^§itrQCti^ wixiiin iii« lasr Uiinj 
jeaam. Xhe taiUes of Jup^er ami Samim i^^ee ainaiK 
perfecdr wi2ii iiK#riem ofisemokA: those of Unm. 
bc^erer, ave alrnkdv betectiFe. probabh- bccMMW. the 
djMxn^err of tiiat pbnef in 17?1. is too reeeat to admit 
of JxiiMrh preekjoo io tiiie dctgrmmatarai of its aa<iliiM\ 
or that pMuibij k mar be subject to di«tvirbaBees fiui 
fome onseeo pfamet reTohrin^ abcmt the sun beyond the 
lireteot bomidiiries of oar irsteai. iC aft^- a kfBe of 
jeazs, the tables formed from a combiiiatioo of biu b ci - 
<ms obserratioos should be still inadequate to represent 
the motiOfis of Uraoos, the discrepancies mar rewal 
the existence, nay eren the mass and orbit of a bodj 
pfahced fivrever berond the sfrfiere of vision. 

Tbe tables of 5lars, Veons, Mercmy, and even dune 
of the sua, hare bc^eo greatly improved, and still oecopy 
the attention of Professor Airy and other distingnisfaed 
fltftronomers. AVe are chieflj indebted to the G^man 
astronomen for tables of the four new planela, which ' 
are aatooishinj^j perfect, considering that these bodies 
bare not been discorered more than forty years, and m 
sxmtii longer tiine it requisite to derelop their inequal- 
ities. 
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mcUiwn «f tiM Son rad PUii«U— Satarn's Sings— Periods of the BotetioB 
of thm Moon Md other Sstellites equal to the Periods of their ReTolo- 
tWttS— 'Fonn of Lunar Spheroid— Libratiom Aipect, and Coastitatian of 
tb* Moon^IUXation of Jupiter's Satellites. 

Thk oblate form of several ot the planets indicates 
rotatofy motion. This has been confirmed in most 
caiKjs by tracing spots on their surface, by which their 
poles and times of rotation^iare been determined. The 
rotitti<in of Mercury is unknown, on account of his prox- 
kiiity to tho sun ; that of tbe new planets has not yet 
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been ascertained. Th^.sun revolves in twenty-five days 
and ten hours about an- axis which is directed toward a 
point half-way between the pole-star and Lyra, the plane ' 
of rotation being inclined by 7° 30% or a little more than 
seven degrees^ to the plane of the ecliptic ; it may diere- 
fore be concluded that the sun's mass is a spheroid, 
flattened Bt the poles.' Froni the rotation of the^,sun, 
there is every reason to believe that he has a: progfes- ' 
sive motion in space, although the direction 'to which he 
tends is^ unknown; but, in consequence of the reaction 
of the planets, he describes a small irregular orbit about 
the center of gravity of the system^ never deviating from 
his position by inore than twice his own diameter, or a 
litfle more tloAn seven times the distance of the' moon 
from the earth; The sun and all his attendants rotate 
from west to. east, on axes that remain nearly parallel 
to themselves (N. 137) in everjr point-^f their orbit, and 
with angular velocities that are sendibly uniform (N. 
138). Although the uniformity-in the direction of their 
rotation is a circumstance hitherto unaccounted for in 
the econoniy of nature, yet, from the design and adapta- 
tion of every other part to the perfection of the whole, . 
a coincidence so remarkable cannot be accidental ; and 
as the revolutions of the planets and< sateHites are also 
from west to east^ it is evident that both must have 
arisen from the primitive cause \vhich determined t)le 
planetary motions. Indeed, La Place has computed 
the probability to be as four millions to one that ajl the 
motions of the planets, both of rotation and revolution, 
were at once imparted by an original common cause, 
but of which we know neither the nature nor the 
epoch. - ^ 

The larger planets rotate in shorter periods than the 
smaller planets and the earth. Their compression is, 
consequently, -greater, and the action of the sun and. of 
their satellites occasions a nutation in their axes and a 
precession of their equinoxes (N. 144) similar to that 
which obtains in the terrestrial Spheroid, from the at- 
traction of the sun and moon on the prominent maltter 
at the equator. « Jupiter ^jevolves in less than ten hours 
about an axis at right angles to certain dark belts, or 
bands, which always cross his equator. This rapid rota- 
F. 
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tion occasions a very great compression in his form. 
His equatorial axis exceeds his polar axis by 6000 miles« 
ivhereas the difference in the, axes of the earth is only 
about twenty-six and a half. It is an evident conse^ 
quence of. Kepler's law of the squares of the periodic 
times of tiie planets being as the cube's of the maJ9r 
axes of their orbits, that the . heavenly bodies move 
slower the farther they are from the sun. In compa- 
rinf the periods of the revolutions of Jupiter and Saturn 
with the times 0/ their rotation, it nppeiir^ thnt a year 
of Jupiter contains neaiiy ton tliousiind of his days, atid 
that of Saturn about thhiy thousHntJ Satiirnian days* 

The appearance of Saturii m unparalleled in the sys- 
tem of tie world. He h a 9plu?rnjd n^nriy lOt^O times 
larger than the earth, suiToiinded by a ring even brighter 
than himself^ which always retimiiis snspended in the 
plane of his equator; and, viewed with a very good 
telescope, it is ^rand to cone is t of tsvo eimeentric rings, 
divided by a. dark band. The inean distaoce of the 
interior part of this double riog from the surface of the 
planet is about 22,240 miles; It L* no loss than 33,3G0 
miles broad, biit, by the estimation of Sir John Herechel, 
its thickness does not much exceed 100 milea, 30 that it 
appears like a plahe. By thta kws of niechaJiics, it i^ 
impossible that this body can retain tU position by the 
adhesion, of its particles alone. It must necessarily 
revolve with a velocity that will generate a centrifugal 
force sufficient to balance the attraction of Saturn. . Ob- 
servation confirms the truth of these principles, showing 
that the rings rotate from west to east about the planet 
in ten. hours and a half,. which is nearly the tim^ a satel- 
lite would take to revolve about Saturn at the same disr 
tance.. Their plane is inclined to the ecliptic, at an^ 
an^le of 28° 10' 44"'5 ; in consequence of this t)bliquity 
of position,, they always appear elliptical to us, but with 
an eccentricity so variable as even to.be occasionally like 
a straight line drawn across the planet. In the begin- 
ning of October, 1832, the plane of the rings passed 
thrdugh the center of the earth; in that position they' 
are only visible with very superior instruments, and 
appear like a fine line across the disc of Saturn. About 
the middle of December, in the same yeaf, the ringa 
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became visible with ordinary iostxtiments, on account of • 
their plane passing through the' sun. In the end of 
April, 1833, the rings vanished a second time, and re- 
appecu-ed in June of that year. Similar phenomena 
will occur in 1847, and generally as often as Saturn has 
the same longitude with either node of his rings. Each 
side of these rings has alternately fifteen years of sun- 
shine and fifteen years of darkness. A. dark line has 
been seen in the outer ring, supposed to indicate a'suh? 
division. ' . ' 

It is a singular result of theory, that thd rings 'could , 
not maintain their stabitity of rotation if they were 
everywhere of uniforih thickness ; for the smallest dis- 
turbance would destaroy the equilibrium* which would 
become more and more, deranged, till at last they would 
be precipitated on the surface of the planet. The rings 
of Saturn must, therefore, be irregular solids of unequal 
breadth in different parts of- the circumference, so that 
their centers of gravity do not coincide with the centers 
of their figures.. Professor Sti-uve h&s ^^^ discovered 
that the center of the ring i^ not concentric with the 
cenj;er df Saturn. The interval between the outer edge 
of the globe of the planet and the outer edge of the ring 
on one side is 11 "'27 2, and on th6 other side the inter- 
val is ll"-390, consequently there is an eccentricity of 
the globe in the ring of 0"*2t5. If the rings obeyed 
different forces they would not remain in the same 
plane ; but the powerful attraction of Saturn always 
maintains them and hi$ satellites in the plane of his 
equator. The rings, by their mijtual action, and that 
of the siin and' satellites, must oscijlate about thecetater 
of Saturn, wid produce phenomena of light and shadow 
whose periods extend to many years. According, to M. 
Bessel the m^ss of Saturn's ring is equal to the yfy part 
of that of the planet 

The periods of rotation- of the moon and the other 
satelUtes are equal to the times of their revolu^ons; 
consequently these bodies 'Always turn the same face to 
their primai'ies. However, as the mean motion of the 
moon is subject to a secular inequality which will ulti» 
mately amount to many circumferences (N. 107), if the 
rotfition of the moon were perfectly uniform aad net 
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affected by the same inequalities, it would cease exactly 
to counterl^plance |lie motion of revolution ;' and the 
moon, in the course of age^ would successhrely and 
gradually discover every pcAtat -of her surfdfee to the 
eartli. But theory proves that this never can liappen ; 
for the rotation of the moon, thou^ it does not p<^take 
of the periodic inequalities of her revolution, is affected 
by the same secular ▼ariations, so that her motions of 
rotation and revolution, round the earth will alwayg 
balance each other an^ remain equal. This circum- 
stance arises from^^the form of the lunar spheroid, which 
has three principal axes of different lengths at right 
angles to each other. ^ 

The moon is flattened at her poles from her centri- 
fugal force ; therefore her polar axis is the l6ast. The 
other two are in the plane of her equator; but that 
directed toward the earth is the greatest (N. 139). ,The 
attraction of the earth, as' if it had drawn out that part 
of.the modn*s equator, constantly -^brings the greatest 
axis, and, consequently, the same iiemisphere, toward 
us, which makes her rotation participate in the secular 
variations of her mean motion of revolution. Even if 
the angular velocities of rotation and revolution had not 
been nicely balanced in the beginning of the moon's 
' motion, the attraction of the earth would have recalled 
the greatest ^axis to the direction of the line joining the 
centers of the moon and earth, >so that it would have 
vibrated oq each side of that line in the'«ame manner as 
a pendulunf oscillates on each side of the verticaUrom 
the influence of gravitatidn. No such libfation is per- 
ceptible ;^ and, as, the smallest disturbance would make 
it evident, it is clear thut, if the moon has ever been 
touched by a comet, the mass of the latter must have 
been extremely small. If it had been only the hundred 
tfiousandtb part of that of the earth, it would have ren- 
dered the Ubration sensible. According, to analysis, .a 
similar iibration exists in the motions of Jupiter'd satel- 
lites, which still remains insensible to observation, and 
y^t the comet of 1^70 passed twice throujgh the m-idst 
of thefii. 

^ The moon, it is true, is liable to librations depending 
Ihpon the position of the spectator. At her rising, part 
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of th<B western edge of het disc is visible, which is in- J 
visible at her settitag, and the contraiy takes place with 
regard to her eastern edgp. There are also librations 
arising from the relative ,fiositions of the earth and 
moon in their respective orbits ; but .as they are only 
optical appearances, one hemisphere wiH bd eternally 
concealed fn»m the earth. For the same reason, the 
earth, which mast be so splendid an object to one lunar 
heniispheret wiU be forever veiled from the other. On 
aeeoont of these circumstances, the remoter hemi- 
sphere of the moon has its day a fortnight long, anc^ a 
night of the same duriation, not even enlightened by a 
moon, while the favored side is illuminated by the re- 
fleetiOQ ipi the eartk during its long night. A planet 
exhibiting a surfeee liihteen tinies larger than tint of 
the moon, with all tihe varieties of clouds, 4a&d, and 
water coming sacddssively into vi0w, must be a «plen* 
did object to a llmar tntveler in a journey to hid an- 
tipodean Tbd great helgltt of t^ lunar mountaiiur prob- 
ably has a eonsidenibii^ IsfluMice en the phenomena 'of 
her motion, the mate^d bb her compression is smaD, 
and her mass considerable. In the curve passing 
thv^uf^ tfaa polea, and that diameter of the moon which 
always points to tlie earth, nature has furnished a per- 
manent meridian, to which the different spots ^on her 
suiface have been referred, a:tid their positions are de- 
termined with* as much accuracy as those of many of 
the most remarkable places on the surface of our ^obe. 
The distance and minttteness of Jupitei'B satellites 
render itr extremeljr difficult to ascertain their rotation. 
It was, however, accomplished by Sir William Herschel 
from their illative brightness. He obs^yved that they 
alternately exceeded each.oth^r in brilliancy, and, by 
comparing the maxima and minima iif their illumiiiation 
with liieir positions relativehr to the sun and to theili 
priniary, lie found that tike the moon the time of theilf 
rotation is equal to the period of their revolvrtaon fitbont 
lupiter. Mmddi was led to the same condusion with 
jvgani to^ the fourth satelhtef from the motkm iSf^h d^t 
onito surfiice. 

d • • • rSI -i 
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The TotBtipn of the earth, which detemuoes the leiiglh 
of the' day, may be r^arded as one of the moat import- 
ant elements in the system of the world. It serves as 
a measure €i time, and forms the standard of com- 
parison for the roYobitions of ihe celestial bodies^rWhich 
by their proportional increase or decrease woold aoon 
difldose any changes it mig^ sustain. Theory and 
observation concur in proving that among the innumer- 
able vidssitudes which prevaU throug^ut creation, the 
period of the earth's diumal rotation is inunutable. 
The watei^ of rivers, fidling from a higher to a lower 
level, carries with it the velocity due to its revdntion 
with the earth at a greater distance firom the center ; it 
wiU therefore accelerate, ahhou^ to ah almost infinites- 
imal extent, the earth's deity rotation. The sum of all 
these increments of velocity arising from the descent of 
all the rivers on the earth's snrfoce would in time be^ 
come perceptible, did not nature by the process of evap- 
oration raise the waters back to their sources ; and thus, 
by again removing matter to a greater distance from 
the center, destroy the velocity generated by its pre- 
vious approach ; so that the descent of rivers does not 
affect the earth's rotation. Enormous masses projected 
by volcanos from the equator to the poles, and the con- 
tranr, wguld indeed affect it, but there is no evidence of 
such convulsions. The disturbing action of the moon 
and planets, which has so powerful an effect on the 
^revolution of the earth, in no way influences its. rota- 
tion. The constant friction of the trade-winds on the 



Bbct. X INVARIABILITY OF ROTATION. 67 

inountains and contineDts betweeo the tropics does not 
impede its velocity, which theory even proves tq be the 
same as if the sea together with the earth formed one 
solid mass. But although these circtimstances be in- 
sufficient, a variation in the m§an temperature would 
certainly occasion a corresponding change in the velocity 
of rotation. In the science of dynamics it is a principle 
in a system of bodies or of particles revolving about a 
fixed center, that thd . momfdntum or sum of the pro- 
ducts of the mass of each into its angular velocity and 
distance from the center ia a constant quantity, if the 
system be not^ deranged by a foreign cause. Now since 
the number qf particles in the system is the same what- 
ever its temperature may be, when their distances from 
the center are diminbhed their ai!i^lar velocity must 
be increased, in order that the preceding quantity may 
stiU remain constant. It fdllows then that as the primi- 
tive momejQtum of rotation, with which the earth was 
projected into space must necessarily remain the same, 
the smallest decrease in heat by contracting the terres- 
trial spheroid would accelerate its rotation, and oons€(<^ 
quently diminish the length of the day, Notv^thstandr 
ing the i;onstant acc'ession of heat from the sun's rays, 
geologists have been induced to believe from the fossil 
remains, that the mean tehiperature of the globe is de- 
creasing. 

The high ten^perature of mines, hot sinings, ' and 
above - all the internal fires which have pifoduced and do 
StiU occasion such devastation on our planet, indicate an 
augmentation of heat toward its center. The increase 
of density corresponding to. the depth and the form of 
the spheroid. being what theory assigns to a fluid mass 
in rptation, concurs to induce' the idea that the tempiera- 
tnre of the earth ^^as originally so high as to reduce all 
l^e substances of which it is composed ix> a state of 
fusion or of vapor, and that in the course of ages it has 
cooled down to its present state ; that it is still becoming 
colder, and that it will continue to do so till Ihe whole 
mass arrives at the temperature of the medium in 
which it is placed, or rather at a state of equilibrium- 
hetween this temperaturis, the cooling power of itSipwn 
radiation, and the heating efifect of the sun's rays.. 
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PtevioYis tD the formation of ice at the poles, the 
ancient lands of northern latitudes might no doubt haye 
been capable of producing those tropical plants^ pre* 
served m the coal-measures, if indeed such ptBtnta could 
flourish without the intense light of a tioiHcal sun. But 
even if the decreasing temperature of the earth be 
sufficient to produce the -observed effects, it must be 
extremely slow in rits operation; for in consequence of 
the rotation of the earth being a measure of the periods 
of the celestial motions, it has been proved that if the 
length of the day had decreased by the three-tiiou- 
sandth part of a second since the observationa^of Hippar- 
chus two thousand years ago, it would l)ave diminished 
the secular equation of the mOoa by 4"'4. It is tiiere- 
fore beyond a doubt that the mean temperatui^ of the 
earth cannot have sensibly varied during that time, if 
then the appearances' exhibited by the strata are really 
: owing to a decrease of internal temperature, it eitiier 
shows the immense periods requisite to produce geo- 
logical changes, to which two thousand years are as 
nothing, or t^at the mean temperature of the earth had 
arrived at -a state of equilibrium before these observa^ 
tions. 

However strong the indications of the primitive 
fluidity of the earth, as there Is no direct proof of it^ 
the hypothesis can only be regarded as very probaUe. 
But one of the most profound philosophers and elegant 
writers of modern times has found in the secular varia- 
tion of the eccentricity of the terrestrial orbit an evident 
teause of decreasing temperature; That accomplished 
author, in pointing out the mutual dependencies of phe- 
nomena, says, " It is evidenl; that the mean temperature 
of the vvhole surface of the ^lobe, in so far- as it is main«- 
tained by the action of the sun atu higher degree tJian 
it would have were the sun extinguished, must depend 
on the mean quantity of the sun's rays which it re- 
ceives, or---which comes to the same thing — on the 
total quiuatity received in a giten invariable time ; and 
the lengtd of the year being unchangeable in all the 
fluctuations of the planetary system, it follows that the 
total, aii&ount of solar radiation will determine, eteteris 
jfarihus, the general climate of the. earth. Nowv it>iB 
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not difficult ta show that this amouot is inversely pro- 
fKHtional to the minor axis of the ellipse described by 
the earth about the sun (N. 140), regarded as. slowly 
variable ; and diat^ therefore, the major axis remainingt 
as we know it to be constant, and the orbit being actu- 
ally in a state of apinroach to a ckicle^ and consequently 
the minor axis being on the incl*ease, the mean annual 
amount of solar radiation received by the whole eaiih 
must be actually^ on the decrease.. We have therefore 
iMi evident real cause to account for the phenomenon." 
The Hmits of the variation in the eccentricity of the 
earth's orbit are unknown. But if its elHptieity has 
«ver been as great as that of the orbit of Mercury or 
PiUlas, the mean temperature of the earth must have 
been sensiUy hi^er than it is> at present. Whether it 
was great enough to xender our northern clittiates fit 
for the production of tropical plants, and for the resi- 
denoe of the elephant and odier animals now inhabitants 
of the t(»Tid zone, it is impossible to say. 
, Of the decrease in temperature of the northeil^ 
hemisphere there is abundant evidence in the fossil 
[dants discovered in very high latitudes, which could 
only have existed in^ a tropical climate, and whiph must 
have grown near the spot where they ape found, from 
.the delicacy of their structure and the perfect state of 
their preservation. This change of temper atui^ has 
been erroneously ascribed to an lexcess in the duration 
of spring and sunmier in the northern hemisphere, in 
ooDsequence of the eccentricity of the solar ellipse. 
The length of the seasons varies with the position of 
tile perihelion (N. 64) of the eartii's orbit fer two 
reasons. On account of the eccentricity, smaU as it is, 
any line .passing through, the center of the sun divides 
the terrestrial ellipse into two unequal parts, and by the 
laws of elliptical motion tiie earth moves through these 
two portions with unequal velocities. The perihelion 
always lies in- tiie smaller portion, and there the earth^s 
motion is the most rapid. In titie present n^sition of 
the pcHrihelion, spring and summer north of the equator 
exceed by about ei^t days tiie 'duratiod of the same , 
seasons south 6f it. And 10,492 years ago tfae^iaol^ern 
J^emjaphere enjoyed the .advantage we liow possess 
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from the secnlfir variation of the perihelion. Yet Sir 
John Herschel has shown that by this alteration neither 
hemisphere acquires any excess of light or heat above 
the o^er ; for although the :earth is nearer to the sun 
while moving through that part of its orbit iii which the 
perihelion lies than in the other flart, and consequently 
receives a greater quantity of light and heat, yet as it 
moves faster it is exposed to the heat for a shorter 
time. In the other part of the orbit, on the contrary, 
the earth toeing farther from the sunreceii^s fewer of 
his rays, but t^cause its motion is slower it is exposed 
to them for a longer time. And as in both cases the 
quantity of heat and the angular velocity vary exactly in 
the same proportion, a perfect compensation takes place 
(N; 141). So that the eccentricity of the earth's orbit 
, has tittle or no effect on the temperature corresponding 
to the difference of the seasons. < 

Mr. Lyell, in . his excellent work on Geology, refers 
the increased cold of the northern hemisphere to thei- 
operation of existing causes, With more probability than 
most theories that have been advanced in solution' of 
this difficult subject. The loftiest mountains would be 
represented by a grain of sand on a globe sfat feet in 
diameter, and the depth of the ocean by a scratch on 
its surface. Consequently the gradual elevation of a 
continent or chain of^mountains above the surface of the 
ocean, or their depression. below it, is no veify great 
event compared with the magnitude of the earth, and 
the energy of its subterranean fires, if the same periods 
of time be admitted in the progress of geological as in 
astronomical phenomena, which the successive and va- 
rious races of extinct beings show to have been immense. 
Climate is always more intense in the interior of con^ 
tinents than in islands or sea-coasts. An increase of 
land within the tropics would therefore augment the 
eeneral heat, and an increase in the temperate and 
nigid zones would render the cold more severe. Now 
It appears that most of the European, North Asiatic, 
and North American continents and islands were raised 
from the deep after the tsoal-measures wer6 formed in 
which the fossil tropical pli^nts are found ; and a variety 
of geological facts indicate the existence 6f an ancient 
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and extensive archipelago thronghout the greater part 
of the northern hemisphere. JMr. Lyell is tiierefore of 
opinion that the cliinate of these ishuids niiust have 
been sufficiently mild in consequence of the surrounding 
ocean to clothe them with tropical plan1|s, and render 
thena a fit abode for the huge aninials whose fossil 
remains are so often found. That the arborescent ferns 
and the palms of these regions,, carried by streams to 
the. bottom of the ocean, were imbedded in the strata 
which were by degrees heaved up by the subterranean 
fires during a long succession of ages, till the greater 
part of the northern hemisphere became dry land as it 
HOW is, and that the consequence has been a continual 
decrease of temperature. 

It is evident from the marine sheHs found on the U^ 
of the highest mountains and in almost every port of 
the globe, that immensei continents have "been elevated 
above the ocean, which must have ingulfed o&ers. 
Such a catasti^phe would be occasioned by a>variatioh 
in the position of the axis of rotation on the surface of 
the earth ; for the seas tending to^ new equator would 
leave some portions of the glot^ and overwhelm others. 
l!fow,at is found by the laws df inechafiics'^that in every 
bo^y, be its form or density what it may; there are at 
least three axes at right angles to each. other, round 
any one of which, if the sotid be^ns to rotate, it will 
continue to revolve'^^forever, provided it be not disturbed 
by a foreign cause, but that the rotation about any 
other axis wUl only be for an ipstant, and consequently 
the p6les or extremities of the instantaneous axis of 
rotation would perpetually change their position on the 
surface of the body. In an ellipsoid of revolution the 
polar diameter and every diameter in the plane of the 
equator are the only permaneint axes of rotation (N. 
14^). Hence if the ellipsoid were tp begin to revolve 
about anyndiameter between the pole and the equator, 
the motion would be so unstable that the axis oi rota- 
tion and the position of the poles would change every 
inistant. Therefore as the earth does not differ mxum. 
from this figilte, if it di|i not turn round one of its prin- 
bipal axes, the position of the poles would change d^y ; 
the Equator, which is 90^ distant, Avould undergo cor- 
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responding variations ; and the^ geographical latatodes of 
aU places being^estimated from^ the equator, assumed to 
be fixed, '^ould be perpetually changing. -A displace- 
pient in, the position of the poles of only two hundred 
miles would be sufficient to produce these effects/ and 
would immediately be detected. But as the latitude 
fure found to be invariable, it may he concluded that ihfi, 
■ terrestrial spheroid must have revolved about the same 
lixis for. ages. The earth and planets differ so little 
from ellipsoids of revolution, that in all probability any 
librailion, ^from one axis to another produced by the 
primitive impulse which put them in motion, must hare 
peased sbon itfter dieir creation from the friction of the 
fluids at tl^eir surface. 

.Theory also proves that neither nutation, {areeession, 
tior imy of .the disturbing fcnrces that affect tlie system, 
have the smallest influence on the axis-of rotation, which 
maintaids a permanent position on the surface^ if the 
earth be pot disturbeld in its rotation by n fbi^ign cause, 
as th^ collision of a comet, whic^h might have hai^ned 
Ia the immensity of time. But had that been the. case, 
its.effectis would still have been perceptible in the varia^ 
tions of the geografdiical latitudes. If we suppose that 
such an event had taken place, and that tlie disturbance 
had been venr g^eat, equilibrium could then only Have 
been restored with regard to p. new axis of rotation by 
the rushing of the seas to the new eqimior, which they 
must have continued to\do till, the surface. was every- 
where perpendicujar to tiie direction of gravity. But it 
is probable that such ao accumulation of the waters 
would not be sufficient to restore equilibrium if the de- 
rangement had been great, for the mean jdensity of the 
sea is only about a fifm part of the mesm density of ihe 
earth, and the mean deptli of the Pacific Ocean is sup* 
posed not to be more than four or five miles, whereas 
the equatorial diameter of the-^arth exceeds the polar 
diameter by about 26i miles. Consequently the influ- 
ence of tihe sea on the direction of gravity is very smalL 
And as it thus appears that a great change in tJ^e posi- 
tion of the axis is incompatible with the bw of equilib- 
rium, the geological phenomena in question must be 
ascribed tQ,an internal caiise. Indeed it is now demon- 
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Btiated thilt the strata containing marine diluyia which 
fu*e in^ loflfy situations, must l^aye been formed at the 
bottom of the ocean and afterward ^piheaved by the 
action of subterraneous fires. . Besides, it is clear firpm 
the mensuration of the arcs of the meridian and the 
length o£ the seconds* pendulum, as well as :from the 
lunar theory, that the internal strata and also the exter- 
nal ouUine of the globe are elliptical, their centers being ' 
coincident and their axes identical with that of 4he sup* 
face — a state of things which, according to, the distin* 
guished author lately quoted, is incqmpadbie with a 
subsequent accommodation of the surface to a new and 
different state of rotation from that which determined 
the original distributaon of the component mafter.^ Thus 
amid the mighty revolutions which have swept innumer- 
able races of organized beings from the earth, which 
have elevated plains and burimi mountains in the oceaOf 
the rotation of the earth and the position of the axis on 
its surface have undergone but sfight variations. 

The strata of the terrestrial spheroid are not only 
concentric and elliptical, but the lunar ine^alities show 
that they increase in density from tl;ie surface of the 
efH*th to its center. This would certainly have happened 
if the eartih had origiinally been fluid, for the denser parts 
must have subsided toward, the center as it approached 
a state of equilibrium. But the enormous pressure of 
the superincumbent, mass is a sufficient cause^ for t^e 
phenomenon. Professor L<eslie observes that air com* 
pressed into the fiftieth part of its volume has its elas* 
ticity fifty times augmented. If it continues to contract 
at that rate, it would, from its own incumbent weighti 
acquire the density of water at the depth of thirty-£>ur 
miles. But water itself would have its density doubled 
at the depth of ninety^three miles, and would even at- 
tain the density of quicksilyer at a deptii of 362 miles. . 
Descending therefore toward the center tiirough nearly 
4000 mile^, the condensation of ordinary substances 
WouM surpass the utmost powers of conception. Dr. 
Young says that steel would be compressed into one- 
fourth and stone into one-eighth of its bulk at the earth's 
center. However, we ai-e yet ignorant of the laws of 
compression of solid bodies beyond a certain limit; from 
G 
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the experiment^ of Mr. Perkins they appear to be ca- 
pable of a greater degree of compression than has gen- 
erally been imagined. 

But a density, so extreme is not borne out by astro- 
nomiced observation. It might seem to follow, there- 
fore, that our planet must have a widely cavernous 
structure, and tliat we tread on a crust or shell whose 
thickness bears a very small proportion to the diameter 
of its si^ei'e. Possibly, too, this great condensation at 
the central regions may be counterbalanced by the in- 
(^reased elasticity due to a very elevated temperature. 



Section XI. 

Precenion and Nutatiun— Their Effects oq the Apparent Places of the 
^ ^ Fixed Stars. v 

It has been Bhpwn that the axis of rot Fit ion h inyari- 
able on the surface of the eart;h; and obs^^rvatjou as well 
as theory prove that were it not for the action of the 
sun and moon on the matter at the equator, it would 
remain exactly parallel to itself in every poini of its orbit. 

The^ttraction of an external body not only draws a 
spheroid toward it, but as the force varies inversely as 
the square of the distauce, it gives it a motion about its 
center of gravity, unless when the attracting body is sit- 
uated' in the prolongation of one of the axes of the sphe- 
roid. The plane of the equator is inchned to the plane 
of the ecliptic at an angle of 23° 27' 34"-69 ; and the 
inclination of the lunar orbit to the same is .5° 8' 47" '3. 
Consequently, from the oblate figure of the earth, the 
sun and moon acting obliquely and unequally ota the dif- 
ferent parts of the terrestrisJ spheroid, urge the plane 
of the equator from its direction and force it to move 
from east to west, so that the equinoctial points have a. 
slow retrograde motion on the plane of the ecliptic, of 
60"'41 annuaUy. The direct tendency of this action is 
to make the planes of the equator and ecliptic coincide, 
but it is balanced by the tendency of the earth to return 
to st^le rotation about the piokr diameter, which is one 
of its principal axes of rotation. Therefore the inclina- 
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tion of tiie two planes remains constant, as a top spiur 
ning preserves the sarrie inclinatton ta the plane of the 
horizon. 'Were the earth spherical, this effect would 
not ll>e produced, and the equinoxes would always cor- 
respond Willi the same points of the ecliptic, at leadt as 
far as tibis kind of motion is concerned. But another 
and totally different cause which operates on this motion 
has already been mentioned. The action of the planets 
on one another and on the sun occasions a very dlow^a- 
nation in the position of the plane of the elliptic, which ' 
aflfects its inclination to the plane of the equator, and 
gives the equinoctial' points a slow but direct motion on 
the ecliptic of 0"'31 -.annually, which is entirely inde- 
pendent of the figure of the earth, and would be the 
same if it were a sphere. Thus the sun and moon, by 
moving the plane of the equator, bause the equinoctial 
points to re1a*ograde on tbe ecliptic ; and the planets by 
moving the plane of the ecliptic give them a direct mo- 
ti6n, though much less than the former. Consequently 
the difference of the two is the mean precession, which 
is proved both by theory and observation to be' al>out 
$0"-l annually (N. 143). ' 

As the longitudes of all the fix^d stars are increased 
by this quantity, the effects of precession are soon de- 
tect^. It was accordingly discovered by Hipparchus 
in the year; 128 before Chnst, firbm a comparison of his 
own observjfttions with those of Timocharis 155 years 
before. In the time pf Hipparchus, the entrance of the 
8nn> into the consteUation Aries was the beginning of 
fairing, but since that time the equinoctial points have' 
receded 30°, so that the constellations called the signs 
of the zodiac are noV7 at a considerable distance from 
those divisions of th& ecliptic which bear their names. 
Moving at the rate of 5Q'^*1 anntially, the equinoctial 
points will accomplish a revolution in 25,868 years. 
But as the preciession varies in different centuries the 
extent ef this period will be slightly modified. Since 
the motion of the sun is direct, and that of the equiooc- 
tial points retrograde, he takes a shorter time to return 
to the equator than to arrive at the same stars ; so that 
the tropical year of 365* 5** 48" 49»*7 must be increased 
by the time he takes to move through an arc of SO"* 1, 
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ID order to have l^e leDg& of the sidereal year. The 
time required is 20°^ 19"'6, so that the sidereal year con- 
tains 365^ 6*» 9" d»-6 mean solar days- . 

. The mean annua^ precession is subject to a secular 
yariation; f<Mr although ^e change in the jplane c^ the 
ecliptic in which, the orbit of the sun lies be mdependent 
of the form of the earth, yet by bringing the sun, moon, 
and earth, into different relative positions from i^e to 
age, it alters tiie direct action of the two first on the 
prominent matter at the equator: on this account the 
motion of the equinox is greater, 1^ 0''«455 now than it 
was in the time of Hipparchus. Consequently^ the ac^ 
tual length, o( the ^(^ical year is about 4'',21 shorter 
thto it was at^that time. The utmost change that it 
can experience from this cause amounts to 43 seconds. 

Sucn is the secular motion of the equinoxes. But it 
is sometimes increased and sometimes 4hninished . by 
periodic variations, whose periods depend upon tho^ 
rela,tive positions of the sun and moon with regard to 
the earth, and which are occasioned ^by the dii'ect ac« 
tion.of these bodies ojtihe equator. Dr. Bradley discov^ 
ered that by this action the moon causes the po^ of the 
equator to describe a small ellipse in the heavens, the 
axes of which are.l8''*5 and 13^'*674, the longer being 
directed toward the pole of the ecliptic. The p«iod 
of this inequality is about 19 years, the time omployedi 
by the nodes of the lunar orbit to accomplish a revolu- 
tion. The sun causes a small variation in the descrip-^ 
tion of this ellipse ; it runs through its period in half a 
year. Since the whole earth obeys" these motions they 
affect the position of its axis of rotation with regard to 
the starry heavens, though not with regard, to the sur- 
face of the earth; for in consequence of precession 
alone the pole -of the equator moves in a circle round 
the pole of the ecliptic in 25,868 years, and by nutation, 
alone it describes a smaU ellipse in the heavens every 
19 years, on each side of which it deviates every hatf 
year from the action of the sun. The realcunfe tr^ed 
in the starry heavens by the imaginary prolongation of 
the earth^s axis is compounded of these three motions 
(N. 144). This nutation in the earth's axis affects both 
the precession and obliquity with small periodic varia^ 
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tioiw. But in consequeDce of the secnlftr vazialion in 
the positien of the terrestrial- erbit^ which is «hiefl;f 
owing to the disturbing energy of Jupiter on the earth, 
the obhquity of the ecliptic is annually dimini^ed, ac* 
cording to M. Vessel, by 0''*457. This variation in the 
course of ages may amount to 10 or 11 degrees ; but the 
obliqui^ of the ecliptic to the equator can never vaiy 
more than 2^ ASH or 3°, since the isquator Will follow in 
some measure the motion of the ediptio. 

It is ei^ent that the j^ei of all the oelestifd bodies 
:are afiiseled )by precession and nutation. Their longi^ 
tudes estimated from the equinox are augmented by 
precession ; but as it effects all the bodies equally, it 
makes no change in^ their relative positions^. -Both tiie 
celettial latitudes and longi^des are altered to a small 
degree by nutation;, hence all observations must be 
ccffreeted for liiese inequalities. In consequence of this 
real motion in the earth's axis the pole star, forming 
part of the constellation of tiie Littie 3ear, which was 
form^y IS^* from the celestial j)o]e, is no^B^ within 1° 24' 
of it, anjd will continue to approach it till it is within i°, 
after which it will retreat from the pole for ages; and 
12,934 years hence the star «^ Lyras wifi come within 
5"^ of the celestial pole, and become tiie polar star of 
tiie northern hemispltere. 



Section XII. 

Afeain and Ajmarent Sidereal Timei— Mean and Apparent Solar i'ime — 
Eqnatioa of Time — Engliah and. French Sabdivisions t>f Tim»-*-Lea]> 
Yeai^Christian Era — Equinoctial Time — Remarkable Eras dependiu|^ 
upon the Position of the Sdar Perigee — IneqyalitT of the 'Length* of 
the Seasons in the two Hemispheres — Application of Astronomy to Chro- 
nologTT-Bnglish and French Standards of Weights and Measi^. 

AsTRONOMT^ has been of immediate and essential use 
in affording invariable standards for measuring duration, 
distance, magnitude, and velocity. The mean sidereal 
day measured -by the time elapsed between two consec- 
utive transits of any star at the same meridian, and the 
mean sidereal year, which is the time included between 
two consecutive returns of the sun to the same star, 
are immutable units With whic^ all great p^nriods ^ 
q2 
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time are compared ; the osciUatioiw of the isochronous 
pendulum measure its smaller portipbs. By thc^e in* 
variable, standards alone we can judge of the. slow 
changes that other elements of the system may have 
undergone. Apparent sidereal time, which is measured 
by the transit of the equinoctial point at the meridian of 
any place, is a variable quanti^, from the effects of 
precession and nutation* Clocka showing appareht 
sidereal time are employed for observation, and are so 
regulated that they indicate. 0^0*° 0" at the instant the 
equinoctial point passes the meridian of the observatory. 
And as time is 8l measure of angular motion, ' the clodi 
gives the distances of the heavenly bodies ;&om the 
equinox by observing the instant at which each passes 
the meridian, and Converting the interval into arcs at the 
rate of IS*' to an homr. . 

^ The returns of the sun to the nieridian Imd to the 
saine equinox or solstice, have been unJiversaUy adopted 
as .the measure of our civil days and years. The sofair 
or astronomical day iE( the , time that elapses between 
two consecutive noons or nudnights. It is. consequently 
longer than the sidereal day, on. account of the proper 
motion of the sun during a revolution of the celestial 
sphere. But as the sun movos with greater rapidity at 
the winter than at the summer solstice, the astronomi- 
cal day is more nearly equal to the sidereal day in sum- 
mer than in winter. The obliquity of the ediptic also 
affects its duration ; for near tiie equinoxes the arc of 
flie equator is less than the corresponding are of the 
ecliptic, and in the solstices it is greater (N. 145). The 
astronomical . day is therefore diminished in the first 
case, and increased in the second. If the sun moved 
uniformly in the equator at the rate of 59' 8"-33 every 
day, the solar days would be all equal. The time there- 
fore which is reckoned by the arrival of an imaginary 
sun at the meridian, or of one which b supposed to 
move uniformly in tJie equator, is denominated mean 
solar time^ such as is given by clocks and watches in 
.common life. When it ^s reckoned by the arrival of the 
real sun at the meridian it is apparent time, such as. is 
given by dials. The difference between the time shown 
by a clock and a dial is the equation of time given in 
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the NjaUtical Almaiwc, sometiinea amoanting to as much 
as sixteen minutes. The apparent and mean time ccMn^' 
eide four times in the year ; when the. sun's daily mo- 
tion in right ascension is equal to 59' 8''*33 in a naean 
solar, day, which happens airout the 16th of April, the 
16th of June, the 1st of September, and the 25tli of 
December. 

The astronomical day begins at noon, but in common 
reckoning the day begins at midnight. In £n^and it is 
divided into twenty-four hours, wlach are counted by 
twelve and twelve ; but in France astronomers, adopting 
the decimal division, divide the day into ten hours, the 
hour into one hundred minutes, and the minute, into a 
hundred seconds, because of the facility in computatioii, 
and in conformity with their decimal system of weights 
and measures. This subdivision is not now used in 
common, life, nor has it been adopted in any other 
country ; and. although some scientific writers in Friemce 
still employ that, division of time; the custom is begin- 
ning to wear ^ out. At one period during the French 
revolution, the clock in the gardens of the TuileHos was 
regulated ^«to show decimal time. The mean, lengdi of 
the day, though accurately determined, is* not sufficient 
for the purposes either of astronomyor civil. life. The 
tropical or civil year of 365^ 5^ 46"' 49** 7, which is the 
time elapsed between the cohsecutive returns of the sun 
to the mean equinoxes or solstices, including all the 
changes of the seasons, is a natural cycle peculiarly 
suited for a meapuire of duration. It |s estimated from 
the winter solstice, the. middle of the k)ng annual night 
under the north pole. But altiiough the length of the 
civil yoar is pointed out by nature as a measure of long 
periods, the incommensurability that exists between the 
length of the day and the revolution of the sun, renders 
it difficult to adjust the estimation of both in whpl^ num- 
bers. Jf the revolution of tiie sun were accompHshed 
in 365 days, all the years would be of precisely the same 
number of days, and would begin ajid end with the sun 
at the same pqint of the ecliptic. But as the siin's revo- 
lution includes the fraction of a day, a civil year and a 
revolution of the sun have not the same duration. Since 
the fraction is noarly the fourth of a day, iu. four years 
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it is nearfy equiil to fti«vohitioii of tlie 00119 to Hwl thct 
addition of a Mupeirnumenrf day every fotnth yeair 
nearhf compensatei tbe difference. But in pnoess of 
time further correction will be necefleary, because Ibe 
fraction is less than the fourth of a day* In fact, if a 
bissextile be suf^pressed at the end of three out of four 
centuries, the year so determined wilT only exceed die 
true year by an -extremely small fraction m a day ; and 
if in addition to diis^a bissextile * be suppressed every 
4000^ years, the length of iJie year wiH be^ nearly equal 
to that given ^observation. Were the fraction neg^ 
fected, tiie be^ning of t^'year would precede ^at of 
die tropical year, so that it would retat>grade through 
die different seasons in a period of about 1507 years. 
The £gyptiui year begi^n with the heliacal rising «f 
Sirius, and contained oiSy 365 days, by whidi they lost 
one year in every 1461 years; their Sotliaic period, or tftiat 
cycle in which the heliiwa] rising oi Sirius passes thnm^ 
the vrfaole year^nd takes place again on the same day; 
The commencement of that cycle is placed by ancient 
chronolo^ts in the year 1322 before the Chrlltiaii era* 
The division of the year into months isveiy old and almost 
universal. But the period of fev^u days, by far the 
most peirmaneiit division of time, and the most ancient 
monument of astronomical knowledge, was used by the 
Brahmins in India with the same denomhialaoBs em*' 
ployed by us, and was alike found in the cdendars of the 
Jews, Egyptians, Arabs, and Assjrrians. Ithas survived^ 
the fall of empires, and has existed among all successiTe 
generations, a proof of their common-origiu. 

The day of the new moon immediately following the 
Wiuter solstice in the 707th year of Rome, was made the 
1st of January of the ih*st year of Juttus Csmr.. The 
25th of December of his fortyrfifth y^ar is considered as 
the date of Christ's nativity ; and the forty-sixlii year of 
the Julian Calendar is assumed to be the first of our 
era. The preceding year is called the first year before 
Christ by chronologists, but by astronomers it is oafied 
the year 0. The astronomical year begins on the 31st 
of December at noon; and the date of tm observaiwMi 
expresses the days and hours which haveaotnaily elapsed 
since that time. ....... ^.^ 
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Sinee soinr apd^ sidereal tivaib Bfe efltimat^d from the 
passage of the sttD and the eqttmoctia) point -across the 
meridi&Q-Of each place, the hours are dhferent M differ- 
ent places: while it^is one o'clock at one place it Is two 
at another, three at another, dec* ; for it is obvious that 
^ it is noon at one part of the globe, at the same moment 
that it is midmght at another diametricaUy opposite to it; 
consequently an event which liappens at one and the 
same instant <*f absolute time is recorded at different 
places, 9S having happened at different times. There- 
fore, when observations made at different places are>to 
he compared, they must be reduced, by computation t6 
what they would have been had they been made under 
the same meridian. To obinate this, it was proposed by 
Sir, John Herschel . to employ. mean equinoctial time, 
which is the same for all. the world, and independent 
alike of 4ocal circumstances and inequalities in the sun's 
motion. It is the time elapsed from the instant the mean 
sun enters the mean vmial eqninox, and is reckoni9d in 
mean solar days and parts of a day. 

Some ttomarkable astronomical eras are determined by 
tl^e position of the major axis of the solar, ellipse, which 
depends upon the direct motion of the perigee (N. 102) 
and the precession of the equinoxes conjointly, the 
annual motion of the one being ir'*8, and that of the 
other 50''-l» . Hence : the axis, moving at tiie rate of 
61'^*9 annually, accomplishes a tropical 'revolution: in 
j)09*64 years. It coincided with the line of the equinoxes 
4000 or, 4089 years before the Christaah era, much About 
the time chronologists assign for the creation^ of man. In 
6483 the major axis will again coincide with the line of 
the equinoxes ; but then the sblair perigee will coincide 
wji& the equinox of autun^n ; whereas at the. creation of 
man it coincided with the vernal- equinox. In the year 
1246 the major axis was perpendicular to the line of the 
equinoxes ; then the sokir perigee coincided with the 
solstice of summer, and the apogee with the solstice of 
winter. According to La P)ace, who-computed these 
periods 'from different data, the last coincidence hap- 
pened in the year 1250 of our era, which induced him to 
propose that year as a universal epddi,' the vernal equi- 
nox of the year 1250 to be the first day of th^ first year, 
6 
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These ^frnatm tmtfbe ^n^oMmA m nipproQiiniafi^, since . 
ADci^t dbsenwtidDs -nre too ioaceuratts nod inodeMi 'Oh^ 
sMTatioDS too recem, to efford dHta for.th^ir )nreds6 
determinatieB. 

The va^tibn-in tiie positimi <vf tbe solar ^IMpse ob(A^ 
noBs GorrespflfiidiDg chaDges io the letogth of ^e seasona. 
1b its present position spring is leAiort^t thaii stimm^, 
«nd autoBiB lon^pr than winter >; mud while the soh^ 
perigee oontinixes as it now is between the solstiee iif 
wiBtelF and ^le eqoinox of spring, lk^ period indn^B^g 
spring and summer wiU be longer thati that ^dttdmg 
autumn and winter. In this cenliin^ the diflR»re^ee Is 
hetween seven and eight days. The fnt^l'V^ irSL hd 
equal towwrd the year 648d*, whM the perigee Itiffl ^n- 
cide with^e •equinox of spriAg^; hiit Wh«B 4t passM thitt 
point, the 'spring and mnameir taken 1S6g€ftfa^ -^H bl» 
shorter than t^e period raehidkigtlieBUtuttin andlnliteflr 
(N. 147). These rdnoiges wifi be eiccdinpMshed 1^ "a 
irapioai-revdntiaB of the major axis of ^e^a^h's^t)^ 
which includes an interyal Jonf 20v984 yeam Were this 
orbit circiriav, tiife seasdns 'would t>e equal; thf^ilr ^fiffer- 
ence arises frura the eccentrieil^ of the oi^t,-smaH a^s ii 
is >; biit the changes a^e so triflitg-as to be h&pereefp6^«i 
in the ^hoii apan of bnman life. 

No cBTcutiistaiice in the whole science of ttsfseffhtfiay 
excites a ^eper interest than its application to t^hrdndl- 
ogy* ^^ Whole nations," si^s La Place, ^'have been 
swept ffom the earth, ¥rith thebr languages, afts, and 
sciences, 'leaving but confused masses of ruins to tnatk 
the place where mighty c^es stood ; their hiiit<^ v^^ith 
the deception of a few doubtful traditions has pelrished '; 
but ;the peifection of their astronomical oteervatidnfs 
marks iheir >hig^ antiquity, iiices ^e periods of their ex^ 
istence, and proves that even at '^tm nearly time i^f 
must have malde coBsiderable pro^ifss hi'^etoce^" The 
ancient state of the beaveBs may iic^ >b^ ^^ompttt^ w$9i 
great accuracy ; and by comparing tthe l^sc^ "of cWti- 
hition with jaseieBt H)b8ervBtioifs, ^e e^xadt period "rit 
wtijeh they were Biade msy be veri^ed f£ true, yi¥ W 
iidse then: error may be lietoct^. If tkife dsfie be accu- 
rate and the observation good, it wiU'Vcii^ the accilraciy 
of modern tables, and wHl^crw to how inakty centoitiMi 
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tjbegr m^ be extended 'witlUMit the feiar of error. A ftnr 
examplea will show the importance of the subjeot. 

At the 8<4ltice8 the sun igat his greatest distanoe from 
the equator, coxtsequentlf his dechnation at these tones 
is equal to the obliquity of the ecliptic -(N. 148), which 
was formerly determmed from the meridian len^ of 
the shadow ef the stile of a dial on the day of a solstice* 
The lengths of the meridian ahadowat the sdmmer and 
wiBt«fr sohrtioes ar^ reofdded to have been observed; at 
the city of .Layang, in China, 1100 -y^nm before the 
Christian oipa. From these the distances of 4he son 
from 4;he senith (N. 149) of the city tif Dayang ana 
icBOwn^ Half the sum of these aenith. distances de* 
termines the latitude^ and half their difference gives the 
obfiqnlty of tJie ecliptic at the period of the Gbservatioai; 
and as. the law of the iwriation of the oUiqnity is kaamOf 
both ^le time and place of the ofaservatioB^^ hate beei) 
rerified by ^computations from modem tables. Thos 
the ChiaeiBe had -made some advances Ja liie scienoe of 
astronomy at that Berfy period. Their whole chronol- 
ogy is Awaded on the olwervatiqBs of ^eclqises, whi<di 
prove the existence of that empire for more tbim 4706 
years* The epodi of the hmar tables of the ladians, 
stipposed by Balliy to be 3000 yeacs befon the Chrie- 
ti«i eara, was proved by La Place, from the acoeiefstion 
of the mooiH not to be more ancient than tlse lame Of 
Ptolemy, wiso lived m the «eeond century after it The 
great itteqasl^ of Jupiter and Satunr, who^ cysle em- 
braces 916 years^ is peculiarly fitted fer mai^EBig the ' 
civilization of a people. The Indians had determined 
the mean motiooa of tiiese two planets in that part of 
their perkids, when die Apparent mean motion of Saturn 
was at the slovrost, and tluit of Jopitm* fhe most rapid. 
The periods in vdiich 4hat happened ime S102 years 
before the Christian «iii, «nd the year 14dl :ikfter it. 
The returns of comets «o their ;per&elia may possibly 
wtak the present state of astnuomy to fhtiais ^sgas. 

The places of the fiaed^lsasai^ affected by tiie pre- 
cession ef the eqninoaes.; and as dielowef that iteia- 
tioa is knows, vtfaetr positims at any time tnay be emn- 
phted. KowiEMoxus, acontempovaryi^^Platoraien- 
tioiifr a .ftlar sitwata & ^the pole of :tfae leqaator, and it 4q>- 
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pears from, compntation that /e Draconis was not very> 
far from that place about 3000 years ago ; bnt as it is 
only about 2150 years since Eudoxus lived, he must 
have described an anterior state, of the heavens, sup- 
posed to be the . same that vvas mentioned by Chiron 
about' die time of the siege of Troy. Thus every cirr 
cumstance concurs in showing that astroiiomy was cul-^ 
tiyated in the highest ages of antiquity* 

It is possible diat a knowledge -of astronomy may lead 
to -the interpretation of hieroglyphical charactera. ■. As- 
tronomical signs are often found on the ancient Egyptian 
monuments, probably employed by the priests to record 
dates. The author had occasion- to witness an instance 

^of this most interesting appHcatibn of astronomy, in ais- 
certaining the date of a papyrus, sent fr oni Egyptby Mr. 
Salt, in the -hieroglyplucal researches of the late X)r. 

^Thomas Young, whose profound and varied acquire^ 
ments do honor to his country, and to the age in which 
he > lived . The manuscript was found in a mummy case ; 
it pi^ved to be a hbroscope of the age. of Ftolemy, and 
its date 'was determined from the. configuration of the 
heavens at Retime of its cofistruction. 

The form of the earth furnishes a standard of wei^ts 
and noieasures for the ordinary purposes of life, as well 
as for the determination of the jnasses and distances of 
the heavenly bodies. The length of the pendulum 
vibrating seconds of mean solar time in the latitude of 
London, forms, the standard of the British measilre of 
extension. . Its approximate length oscillating in vacuo 
at the temperature of 62° of Fahreqheit, and reduced 
to the levol of the sea (N. 150), was determined hy 

\Oaptaia Kater to he 39-1393 inches. The weight of a 
cubic inch of water at^ the temperature of 62° -of 
Fahrenheit, barometer 30 inches^ was also determined 
in parts of the imperial troy pound, whence; a standard 
both of weight laxid capacity was deduced. . The Freneh 
have adopted the nietre equed to 3-2808992 English feet 
for their unit of Unear measure, which is the ten-mil- 
lionth part of that quadrant of the meridian (N.. 151 \, 
passing through Formentera and Greenwich, the middle 
of which IS nearly in the fprty-fiftti degree of latitude. 
Should the national standards t>f the two countries be 
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lost in the vicissitade' of human afiurs/bolih may be 
recovered ; since thej are derived f^m natural standards 
presumed to be invariable* The length of the pendu- 
lum would be found again with more facility than the 
m^tre. But as no measure is mathematically exact, an 
error in Ihe original standard" may at length become 
sensible in measuring a great extent, whereas the^error 
that nmst necessarily arise in measuring the quadrant of 
ihe meridian is rendered totally insensible by subdi- 
vision in t^ng its ten-miillonth part. The ^ French 
have adopted the decimal division, not only in time hut 
also in their degrees, weights;- and measures, on account 
of the very great facility it affords in computatiom It 
has not been adopted by any other people, Xhough 
nothing is more desirable than that aU nations should 
concur in using the same' standards, not only on account 
of convenience, but as affording a more definite idea of 
quantity. It is singular that the decimal division of the 
day, of degrees, weights, and measures, wa» employed 
in. China 4000 years ago ; and that at the time Ibn Junis 
made his observations at Cairo about the year 1000 of 
the Christian era, the Arabs were in the habit of em- 
ploying the vibrations of the pendulum in thebr astro- 
nomical observations as a measure of time; ' 
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Tid«a-*Foroe8 that produce tfaem — Thitee kinds of Oseillationa in the Ocean 
>-^The Semtfdiaraal Tide»— Equinoctial Tide»— Eflbcts of the Dedina- 
tion of the Sun and Moon-^Theorj insuflScient without Observation- 
Direction of the Tidal Wave — ^Height of Tides^-^Mass of Moon obtained 
from her Action on the 'Tides — Interference of Undulations — Impossi- 

; bilitj of a Universal Inundation — Currents. 

One of t^ most immediate and remarkable effects of 
a gravitating force external to the earth, is the alternate 
rise and fiill of the surface of the sea tvnce in the course 
of a lunar day, or 24** 50" 28" of mean solar time. As it 
depends upon the action of the sun and moon, it is classed 
Bmong astroBomical problems, of which it is by far the 
most difficult and its explanation the least satis&etdry. 
The form of the surface of the ocean in equilibrio when 
rerolTiog with the earth round its axis, is an ellipsoid 
H 
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. llt|ittel»od at^ 'tlw* poles; Vo^ the action of the snn and 
moon, eftpeciaft^ of liie mood, disturbs thefequilibriiim of 
the opean. If l^e moon attraetod the center of gravity 
of the earth and iall its particles with equal and parallel 
forces, the. whole system of the earth and the watm^ 
tiiat cover i| would yield to thes^ forces with a common 
motion, and the equilibrium of the seas wonld remain 
undisturbed* The difference of the forces and the ine- 
qnafilT df their directions alone disturb ttte equilibrium. 

It IS proved by daily experience as well as by sitaict 
mathematical reasoning, that if a number oi waves or 
osciBations be exdted in a fluid by different forces, each 
pursues its course ^nd has its effect independently of 
the rest. Nowltf the tides there are tlffee kinds of 
oscillations depending on different causes, and producing 
their effects independently of each other, which may 
therefore be estimated separately. ' ^ 

The oscillations of tlie first kind,' which are very small, 
are independent of the' rotation of the earth ; and as they 
depend upon the motion of the disturbing body in its 
erbit, they^ are of king periods.^ The second kind of 
oscillations depends upon the rotation of the earth, 
the#i^tnre their p^od is nearly a dny. The osciflatioos 
of the third kind vary wit^ an angle eqiaal to twice the 
angular rotation of the earth, and consequently happe]\ 
twice hi twenty-four hours (N. 152). The first i^ord 
no particular interest, aiid are extremely small ; but the 
difference of t(vo consecutive tides depends, upon the 
second. At the time of tbe solstices, this difference, 
which ought to be very great according to Newton's 
theory, is nardly sensible on our shores. La Place has 
shown that the discrepancy arises from the depth of tiie 
sea; and that if the depth were uniform, there would 
be no difTerebce in the consecutivB tides but that wluch 
is occasioned by local circumstances. It foflows tiiere- 
fore that as this difference is extremely smafl, the sea 
considered in a large extent must be nearly of uniform 
depth ; that is to say, there is a certain mean depti^ ftom 
which the deviation is not great. The mean de^ of 
the Pacific Ocean is snpposed to be about four or five 
miles, that qf the Atlantic onW three or four, whieb, 
however, is mere conjecture. From theformuhft which. 



dot^rmiiie the di^r^ce of the: ooiuieoiitive tidjM, it ui 
proved that the preceaaioa of the eq^inox^s, and tho 
nutation oi the earths aWf. are the, st^me as if the sen 
Ibrmed one so)ld mass> witl^ t^e, e«grth# 
. Oflpillatipnaaf the third kiiid ar^ the s^inidittrQal tidoa 
90 redoiAFkable pa our coasts^ Theyikra, pcc^ioned by 
the.cowbiaed aptipn of the cnw 9^d mooj^,; but as the 
effect of ^uait is in4epen4e|it of tho^ othejr», tjie^ rn^y h^ 
considered sepat^te^.^ . '' 

The pa^ti^es; (^ w^^ updeir the mooii are more, at- 
pfiMted theo^ the center of ^gnx^ 9f the earth* m the 
inverse irstio of th^ .S(mara qf the distanoea* Hence 
they have a teiviie«ey. to; le^i^e ijhe eajcth^ but are ^et^ed 
' by fiieir g]r%vita(ioii«;«rl4ch! is diminished by this tendency. 
On tivi^ coALtr^ry^ the ii»<>pn. atta^ttcta the c^ntejg of the 
earthy m«ffe powerfuHy than she cittraQts the particles of 
waiter in thQ- hemi^ph^e- opposite to her ^ sO; that the 
earth b«S'a tendency to l^y^ the yirik^rs, but is reta^ed 
by gFf^vita^oDb which issgua (Upoinifsibed by this tendency* 
Thus the waters immedu^ly mider the mo^n are dri^wn 
from the ^aithf at the same, time ,th«Jt the eiirth is drawn 
grom those whi^ ei:e». dian^^xicajiy opposite \f> her, in 
both instai¥sefik piroidiiQing i^ elevotiiHi of the ocean of 
nearly the f(»fs^ height ^ve the sujrfee4 of equiJIibrium ; 
((ur thjo dimj^KmtiQn of the gceyitSil^. of ti^ partio^ in 
.e^ch position is almost the same, on aQCOii;uat of the.dis- 
tancfs of li|e in^i^ beifig' gre^t i^ oomparispn of the ra- 
dius ofthe earth. - Were the. f^iorthi enti^ejj^ ofi^^S^f^ -by 
the^ sea, the waters thu£i -attcflpteid by the moo9 would 
assume the Ibnn of an obbng spheroid whose greater 
9aus would poi|^ towiird the moon, \ si^ee the ooluml^ of 
W&te^ luideir the moon, e^ in tho $reotio.n diametrically 
^[>|KHute. to her, are rendoved Vghtoi*: '^ oonfl^HOAPe of 
thoi diminvttion of thoir gravitation ^ and in or^kMT to pre- 
serve the equilibrium^ the axes 90*^ dist^t would be 
#hortoned. The elevation^ on a^oow^t of the smaller 
space to which it is ccu^iaed, is twic^ «s great as the 
^eiwessioii^; beeeuse the contents of .the spheipoid elways 
remain the. same. If the waters were capaUe of assum- 
ing the form of equiUbirium iastanteueousjiy, that, is the 
fsxKm of the spheroid, its sumnut would always point to 
the moon notwithstanding th^ garth's rotation* But oq 
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account of tlieir resistance, the i^ipid motion prodtlced 
in them by dotation prevents them from assuming at 
every instant the form which the equilibrium of the 
forces acting upon them requires. Henci) on account 
of the inertia of the waters, if the tides be considered 
relatively ta the whole earth and open seas, there is a 
meridian about 30*^ eastward' of the moon, where it is 
always high water both in the hemisphere wherd the 
moon is and in that which is opposite. On the west 
side of this circle the tide is flowing, on the east it is 
ebbing, and cm every part of the meridian at 90° distant 
it is low water. This ^eat wave, which follows aD the 
motions of the moon a^ far as. the rotation of the earth 
will permit, is modified by the action of the sun, the 
effects of whose attraction are in every respect like 
those produced by the^moon, though greatly less in de- 
gree. Consequently a similar wave, but much^nudler, 
raised by the sun tends to follow his motions, which at 
times combines with the lunar wave, and at others op- 
poses it, according to the relative positions of the two 
luminaries ; but as the lunar wave is only modified » 
little by the solar, the tides must necessarily happen 
twice in a day, &»nce the^ rotation of the earth brings th& 
same point twice under the* meridian of the moon in 
that time, once under the superior and opee under the 
inferior meridian. 

In the semidiurnal tides there are^ two phenomena 
particularly to be distinguished, one occurring twi6e in a 
month, and the other twice in a year. 

The first phenomenon is that the tides are much in- 
creased in the syzygies, or at the time of new and full 
moon (N. 153). In both cases the sun and moon are in 
the same meridian : for when the moon is new they are 
in conjunction ; and when shia is full they are in opposi* 
tion. In each of these positicms, their action is com^ 
bined to produce the highest or spring tides under that 
meridian, and the lowest in those points that are 90° 
distant. ,It is observed that the higher the sea rises in 
fiill tide, the lower it is in the ebb. The neap tides take 
place when the moon is in quadrature ; tiiey neither rise 
so high nor sink so low as the spring tides. The spring 
tides are much increased when the moon is* in perigee, 



muhe.jaa, spriho aud neap HBts. ^ 

beeftnse sho b then nearest to the earth. It m evident 
that the strong tides must happen twice in a month, 
since in that time the moon is once new and once fufl. 

The second phenomenon in the tides is the augmen- 
tation occurring a^the time of the equinoxes when the 
sun's. declination (N. 154) is ^ero, which happens twice 
every year. 'cThe greatest tides take place when a new 
or full moon happens near the equinoxes, while the 
lEKxm is in perigee. The inclination of the moon's orbit 
to the ecliptic is 5° W 47''*9; hence in the equinoxes the 
action of the moon Would be increased if her node were 
to coincide with her perigee ; for it is clear that the ac- 
tion of the sua and moon on the ocean is most direct 
and intense when they are in the plane of the equator, 
and in the same meridian, and when the moon in con- 
junction or opposition is at her lea^t distance from the 
ear&. The sprii^ tides which happen under all these 
fiivorable circumstances must be the greatest possible. 
The equinoctial gales often raise them to a great hei^t. 
Besides these remarkable variations, there are others 
arismg from the declination or angular distance of the 
sun and moon from ^e plane of the equator, which have 
a great influence on the ebb and flow of the waters. The 
sun and moon are continually making the circuit of the 
heavens at different distances fromi the plane of the 
equator, on account- of the obliquity of the ecliptic and 
t^e inclination of the lunar orbit* The moon takes about 
twenty-nine days and a half to vary tlirough all her de- 
clinations, which sometimes extend 28| degrees on each 
ode of the equator, while the sun requires nearly 365} 
days to accomplish his motion from tropic to tropic 
through about 33^ degrees ; so that their combined mo- 
tion causes great irregularities, and at times their at- 
tractive forces counteract eacli other's effects to a certain 
extent; but' on an averajge the mean monthly range of 
the moon's dec&iation is nearly the same as the annual 
range of the decMnation of the sun : consequently the 
highest tides take place within the tropics, and the low- 
est toward the poles. The declination of the moon^ 
likewise causes the two tides of the same day to rise to 
unequal h^hts ; this diurnal inequality of course van- 
idles when the moon is in the equator^ ' 
h3 
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petvaUy clwmg^ Hg ; (]»er^re« i» solviBg tha problem, it 
IS required to^'deteFotiine tbe bniglilH te whitok the tides 
i;^, the t^nes at whieli tlftey hap|ieii, and the^ dsiJ^ veri- 
ationSi^ Theoiy and ebaervatnon djiow that eaoh partial 
ti^ increasee as the cube ci lice ap|xare&t cBnmeter) or 
pf the parallax of the body which pn^uoes it, an^ tlbsit^it 
diiBixushe^ aa the 9quare of the cosme of th» decliaatiott 
of that bo^ (N« IM) ; for the greater the a^M^eat di^ 
ameter, the fearer ue body, and tiie moreinteitteita 
^etioB QU the sea; but the greater thadeoinatioa, tha 
less the actipi^ bocause it is less direct. 
. The periodic -motioiis of tiie waters of the oeean, w 
the hypothesis of an ellipsoid of rew>luSioB. entively oor* 
ered by the seat are veiy far from aocordbsg wil^ ebssv-' 
vation. This arises.irom tlieyery great imgulaiities'ii^ 
^e surface of the eajrth, which is bilt pax'tially cOiKared- 
by th^ sea ; from the Tariety in the d^ths of the oeeao, 
the. manner in winch it is spread ouli on the^ eavtii, lile 
position ajMl inclination of the shores^ the eurrei^i and 
the resistance the waters meet wit^t—canses ioAposstiMe 
to^ estimate, but which modify tlie esdUiitions of tiie 
great mass^^ of the ooeaA. > Howerar^ aoud all tiMNte- 
irregi)laryiea> tii^ ebb and flow ^ tibe sea maintain a 
V^iap to the forces producing them sntf eleat to ihdieaee 
t^eir nature and to verify ^ law of the attvaotion of the 
suoi fiud moon on the sea^ La ]^ace ohserres that liie 
investigation of such reJationfl between e^usa and ^fhtt 
is na less useful in natural ^nhilosophy than the direct 
solution of problenas either to ppove tha existence of tiie 
causes or to trace the laws cf thah: afieete. Like the 
theory of probabilitiea^ it is a happy su^y lament t<» the' 
ignoranee and weakness of ihe humi^ neriad. Thus 
the .puTPblem of the ^Klea does not admit of a general 
solution. It is* indeiedk neeessaiQr to analyae t^ general 
phenomena wl]i^«^^ to veault^fKHa the attraction ei 
the sun and moQa ; butiheae m'aafc ha cavrected ia each 
IMurticuJar case by local ohaaraitioaA Boadified by the 
extent and depth ^ tha sea^ and the peooliMr oiieum^ 
sianees of the place* 
. Since the disturbing actlwB <^ tha sun and moon can 
only become sensible in j» very great nctent of wateiv 



the Pamfic Ooean mmil; ba on^ of thQ prin^Mil soiuces 
of our tides ;. but, in eoneequenee of tiii« lotaiioD of the 
oarth and the inertia. o| the ocean, hi^ water -does not 
liaf>pen till aome. time afte^ tbe moon'a aouthing (N. 156<)» 
The lide raiaed in that^ worid of waters ia; traoaoBtted to 
the Atlantic, from yibi$iffk oee^ it nipiea in a, northerly 
direction along the coasts of Africa and £wope, arriifing 
later and later jit each place. Thif great wave, how* 
BTor, ia modified by the tide nosed inr the Atlaatie, 
which someiunea comhines with that from tiie Paoilie 
in raising the sea, and somethnea is in opposition to it, 
so that &e tides only rise in propoHion to their differ^ 
enpe., Thia va^t oojul^Bed wave, reflected by the shores 
of the Atlantict exte/iding nearly from pole to pole, stiU 
coming northv^ard, pours through the^ Irish and British 
Channels into the^ North Sea,; sa that the tides in our 
ports are modiHed. by those of another hemisf^re. 
Thus the theoryof the tides in each port, both as to their 
height and the times a> which they take places is really 
a mattor oi experiiQent, and can only ba perfectly detor^ 
mined by the' mean oC a very great number of observa- 
tion, including several revolutiana of the moon's nodes. 
Tbye bright to which the tides rise is much greator in 
narrow chflvmels than in lUe open sea, on acoount of the 
Qbstm^0M9 they meet with. The sea is so peat up in 
the Bntiflh Channel that th& tides sometimes rise a» 
touch aA'lifty feet at- St. -Malo on the coast of France ; 
wheieas on the shores of some of ^a South Sea islands 
near the center of the Pacifie thoy do net exceed one 
or two feet^ The winds havo great influenpe on the 
height of the tides, according as they conspire with <»" 
<^pos^ t^am i Imt th^ actual effect of the wind in ex- 
oitiiig the waves ^ the ocean exttods very httle b^w 
the^ «ur£aee^ Eveii in the. m6st. violent storms* the water 
is probably cahn at the daptfa of ninety <Nr a hundred 
feet.: The tidal wave of tho ocean doea nest veaeh the. 
Mediterranean nor the Baltic, partfy from^eir poaitioB. 
and partly from the narrowness of the Straits of Qib* 
xaltar and of the Cat^at, but it ia veary perceptibla in 
the Ked Sea and in Hudson's Bay. Jn hi^h latftudea, 
whare th^ oeeaU'ia less directly und6r ,the. influenea of 
tha lumhiarieiskihe viae and fiiU of the sea i« incenaider'^ 
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able, so that in all probability there is no t^de' at the 
poles, or only a sms^ annual apd monthly tide. The^ 
ebb and flow df the sea are jperceptible in rivers to a 
very great distance from their' e^tnaries. In the Straits 
of Pauxis, in the river of the Amazons, more than;five 
hundred miles from the sea, the tides are evident. It 
requires sO many days for the tide to ascend this mighty 
stream, that the returning tides meet a succession of 
those Which are coming up ; so that every possible vari- 
edly occurs at some part or other of its shores, both atf 
to magnitude and time. It requires a very wide expanse 
of water to accumulate the impulse of the sun and moon, 
so as to render their influence sensible ; on that account 
the tides in the Mediterranean and Black Sea are 
scarcely perceptible. ^' ■ - 

These perpetual conunotions in the waters are occa- 
Moned by forces that bear a very small proportion to 
terrestrial gravitation : the sun's action in raising the _ 
ocean is only the yyj^Vinrff of gravitation at the earth^s 
surface, and the action of the moon is little more than 
twice as much ; these forces being in the ratio of 1 to 
2*35333, when the^iin and moon are at their mean dis- 
tanced from t^e earth. From this ratio the mass of the 
moon is found to be only the -t^ partof that of the earth. 
Had the action of the sun on the ocean ^een exactly 
equal to that of the moon ^ there would' have been no 
neap tides, and the s|>ring tides wotild have been of 
twice the height, which the action of either the sun or 
moon would have produced separately ; a phendmenon 
depending upon the interference of the waves or undu- 
lations. : ' ~ 

. A stone plunged into* a pool of still water occasions a 
series of wav^s>to advance aloDg the surface, though the 
water itself is not carried forvwd, but only rises into 
heiglits and sinks into hollows, each portion of the sur-< 
&ce being elevated and depressed in its turn. Another 
stone of the same size thrown into the water near the 
first,^ will occasion a similar set of undulations. Theii if 
an equal and similar wave from each stone arrive at the 
same spot at th6 same time, so that the elevation -of tiie 
one exactly coincides with the elevation of the other, 
their united eflect will produce a wave twice the size of 
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either. But if one vrave precede the other by exactly 
half an unduladon, the elevation of the one will coincide 
with the hollow of the other, and the hollow of the one 
with the eloYation of the other ; and the wares will so 
entirely obliterate one another, that the surface of the 
water will remain smooth and level. Hence if the length 
Of each wave be represented by 1, they will destroy one 
another at intervals of |, |, f, &;c., and will combine 
their effects at the intervals 1, 2, 3, 6cc. It will be foiuid 
according to this principle, when still water is disturbed 
by the fall of two equal stones, that there are certain 
lines on its surface of a hyperbolic form, where die 
water is smooth. in consequence of the waves oblitera- 
ting each other.; and that the elevation of the ..water in 
the adjacent parts correspoiids to both the waves united 
(N. 156). Now in the spring and neap tides arising 
from the combination of the simple soli-lunar, waves', the 
spring tide is the joint result of die combination when 
they coincide in time and place ; and the neap tide hap- 
pens when they succeed each other by half an interval, 
so as to leave only Jihe effect of their (Uf]^rence sensible. 
It is therefore..evident that if die solar and lunar tides 
were of the same height, there would.be no difference, 
consequendy no nejip tides, and die spring tides would 
be twice as high as eidier separately. In the port of 
Batsfaa in Tonquin, where the tides arrive by two chan- 
nels of lengths corresponding to half an interval, there 
is. neidier £igh nor low waterron account of the inter- 
ference of the waves. 

The initial state of the ocean has no influence on die 
tides; for whatever its primitive conditions may have 
been, they must soon have vanished by the friction and 
mobility of die. fluids One of the most remarkable cir- 
cumstances in the theory of the tides i^ the assurance, 
diat in consequence of the density of the sea being' onLv 
^ne-fifdi of tho mean density of the earth, and the earm 
itself increasing in density, toward the center, the sta- 
bility of the equiUlmUm of the ocean never can be sub- 
verted by. any physical cause. A eeneral. inundation 
arising from the mere ihstability of uie ocean is there- 
fore, impossibloi A variety of circumsttooK^es however 
tend topopduce partial variations in die eqaihbriom of 



the^eas, WkkshisTdfitoiwd by mB8iiB«f currents. Winds 
«nd the periodical meltuig jof die ice at tlie p(de6 ocea- 
aion temporary' WBter^oaursea.; but by far the niost im- 
portaut causes are tikte ceatrifugal librce indaced by tbb 
srelocity of the eaith's rotatioxi; and viiriatiens hi t^ 
denaity of the aeft. ^ 

The centfifngpl iforce may be reserved Into tfm forces 
•*~one perpendieular, and another tangent to the earths 
surfoce (N. 157). The tangential foroe, &ough small, 
is isRifficient to make the dnid particles within the polar 
coAdes tend toward the equator, and the tendency is 
much increased by tihe immense evaporation in the 
^qBttborial regions from the heat of the sun, which dis- 
tiurbs the equihfarium of the ocean. To this may also 
be added the superior density of the waters near die 
poles, pardy from dieir low tempemture and partly 
from thear gravitation being less diminished by tiie ac- 
tioti of the sun «»d moon^wm that of the seas of lower 
latitudes. In cotaseqaence of die combination of all 
dwae lareiinistances, t;wo great currents perpetually set 
from each pole towarel die equator. But as tfatfjr eeme 
frynH ^adtudes 'vHsiere 'the rotatory motion of the aoriace 
of die eardi is vety mu<di less tban it is beCweea ijie 
tropics, on account of theirs inertia, ^iey do net iiD- 
mediat;^ acquire the velocity with whieh tbie solid <paitt 
of /die earth's vorface is revolving at the^equatorial re- 
gicHis; from whence, it follows tfiat within twenty-iive 
«r thirty dn^ees on aach^aide of die line, the ocean 
appears to have a general motion from east to west, 
whieh is much increased Irp^ the >aetion cf4he trade 
winds, l^is txa^iaty mass of rushing Waters at about 
the tenth degree of aoath latitude is turned tiMpard ^he 
wirth^-'west l^ the coast of America, Yunff dirougfa the 
iahilf oi i^fesico, and passing the Stanits of Fkntida at 
4h» rate <of five miles an hmir, ^ras the weil^^cusrwl^ 
"tjorrent df (the €rulf-«stream, which 8wee|)S akm^ *tiae 
Whole coaist^of America tand runs nordiwardw frir as 
the hteok of Newfonndtend, tlite bendh^ to the east it 
floWiB past the Azores -and Canary islaiidB, till it joins 
die !gl*eat w es t eil^ current of the tropics aboul; ladtode 
^1^ luftth. According to M. de Humboldt this great 
onent ^i38dO leagues, which the watevs «f the Adantic 



are perpetually describing between the parallels of eleven 
and forty-three degrees of latitude, may be accomplished 
by any one particle in two years and ten months. In 
the center of this cvutent is «il>tEfiited the wide field. of 
. floatiag sea- weed called the .^prasqy sea. Besides this 
there are branches of the Gnlf-stream, which ooiiitey 
the fruits, seeds, and a poitton of the ^^recrmth of the 
tropical climates to our Dorfihem shores. 

The general westward motion of the South Sea, togeth- 
er with the south polar current, produce various water- 
courses in the Pacific and Indian Oceans, according as 
. the one or the other prevails. The ^nrMtem set of the 
Pacsfic |}innre» currents to pass on each side ctf Alisfftdla, 
while the polar stream ru^es along the bay of Beogai : ^ 
tke westerly cfonrent agpin becomes mosf poiwerful to- 
ward Ceylon and t^ Maldives, whence it stretclies %iy 
the extr em ity of the Indian peiofiiisula past Madngasciir, 
to the most southern' pe4at of the eotftiii^t of Mndk^ 
where it oMngles widi the general motftfa of the ^efls. 
Icebergs are sometimes drifted ^fls filr as the Afebres 
■from the north fM4e, «nd from liie south pole they have 
<eoide eveiD to Uie Cape of Gt>od Hope. But tibe ite 
wfaiekeDcircles llie south pole eistends to lower latitudes 
by 10^ tilm that whi^ surrounds tile ncn^. In conse- 
<|ueDee «f die pelor «{urreiit So* Edward Parry wtis 
i^liged tor give up his ilttempi; to reach ^e iBorth pole 
in the year 1827, beoause the fields of ioe were drifting 
t» ^Aie south ibstMrtinui bis ^^«i«f could ttti««l Over them 
t» liie north. 

Afl diatinet currents of ler firaiHirse ^the atlmo«phere hi 
hoinscnrtal strata, so fli all probabifity tinder currents ki 
the ocean flow in gpposlte directions from those on the 
surface ; and there is every reason to believe that tile 
coM waters, devp 'below liie surfiuse of tbe sea in tlie 
eqnaotdal i^oni, are brou^t l9^«ubiiiaHiie currents 
froraiiie poUM, tliovg^ it is not easy to ftove liieur^l- 
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Section XIV. 

Repulsive Force — Interstices or Porep->-Ela8ticity— Mbssotti's Theoty— 
GrBvitation broaght under the same law with Afolecul^ Attractimi and 
Repulsions-Gases reduced to Liquids by Pressure— Intensity of the Ck>-. 
hesive Force — ^Effects of Gravitation — ^Effects of Cohesion — Minuteness 
of the ultimate Atoms of Matter — ^Limited Hei^( of the Atmospheres- 
Theory of Definite Proportions and Relative Weight _of Atoms — ^Dr. Far- 
aday's Discoveries with l^egard to AflSnity—Composition of Water by a 
Plate of PUtina — GrystalliEation — Cleavage— Isomorphism^ — ^Matter o<m- 
sists of Atoms of Definite Form— Capillary Attraction. 

The oscillatiHis of the atmosphere and it^ action 
ttpon rays of light copiing from die heayeo^ bodies, 
connect the science of astronomy with the e<|aiU^rium 
and movements of fluids, and the laws of molecular 
attnus^n. Hillierto that force has been under consid- 
eration which acts .upon masses of matter at sensible 
distaoces; but now the effects of such forces are to he 
considered as act at inappreciable distances upon thd 
ultimate atoms of materi^ bodies.. 
• vAll substances consist of an assemblage of material 
particles, which are far too small to be yisible by any 
means hutnan ingenuity has yet been able to devise, 
and which are much beyond die limits of our percep- 
tions. Smce every known substance may be reduced 
in. bulk fi|F' pressure, it follows diat the particles of mat- 
ter are not in actual -contact, but are separated by inter- 
stices, owing to the repulsive principle that inaintains 
them, at extremely miiiute distances. from one another. 
It is evident that the smaller the interstitial spaci^s 
the greater the density. These spaces appear in 
some cases to bo filled with air, as may be infer- 
red from certain semi-opaque minerals and odier. sub- 
stances becoming transparent when plunged into water; 
.sometimes they may possibly contain some : xmkhown 
and highly elastic fluid,. such as Sir David Brewiater has 
di8o<)vered in the minute cavities of various minerals, 
which occasionally causes these substances to explode 
with violence when under the hands of the lapidary, 
but in general they seem to our "senses to be void ; yet 
as it is inconceivable that the particle^ of matter should 
act upon one another Without some means of commu- 
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nicatioo, tnere is every reason -to presume that the in- 
terstices of niaterial substances contain a portion of that 
subtle ethereal and elastic fluid With i^vhich the regions 
of space are rejdete. *h 

Substances compressed by a sufficient force, are said 
to be more or less elastic accordmg to the facility with 
which they regain their bulk or -volume when the 
pressure is remoited ; a property which depends upois 
the reptilsive force of their particles, and the effort re- 
quired to compress the substance is a measure of the 
intensity of that repulsive force which Y^nes with the 
nature of the substance. 'it 

- By th^ laws of gravitation the ^larticles of matter 
Uttract'one another when separated by sensible dis^ 
tances ; and as they repel each othi^ tdien they are 
inappreciably near, it recently occurred to Professor 
Mosidotti of Pisa, thaft:tliere ^might be some intermedi- 
ate distance at which the particles might neither attract 
nor repel one another, but remain batanceid in that 
^ble equilibrium which they are found to maintain in 
ever^ material substance solid .and fluid.' 

It has long been a hypothesis among philosophers, 
that electricity is the agent which binds die partides of 
matter together. We are totally ignorant of die nature, 
of eletttricity, but it is generally supposed to be an ethe- 
real fluid in the highest state of elastieity sujf^^ding 
every pardcle of matter ; and as the earth and the at- 
mosphere are replete With it in a latent state, there is 
every reason to bdieve tliat it is unbounded, filling the 
regions of space. ^ , .. 

^he celebrated Frairidin was the first who explained 
the phenomena of electricity in repose, by; supppsing 
the molecules of bodies to be surrounded by an atmos- 
phere of the electric fluid ; and that while the electric 
. atoms repel one another, they are; attracted, by th^ ma- 
terial molecules of the body. These 'forces of attractioa 
and repulsion were afterward proved by Coulonib to 
vary' inversely as the squares of the disteunce. ^ The 
hypothesis of Franklin was reduced to a mathematica} 
theory by ^pinus, and the most refined analysis hafk 
been employed by the Baron. Poisson in explanation of 
electric phenomena. Still diese pfailosot>hers were un* 
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able to reconcile the attraction of the molecules of mat- 
ter inversely as the squares of the distance as proved 
by Newton, with ' their mutual' repulsion according to 
tie same law. But Professor Mossotti has recently 
shown, by a very able analysis; that t^ere are strong 
grounds for believing that not only the molecular forces 
i^hich unite the particles of material bodies depend on 
the electric fluid, but that even gravitation itself, which 
binds world to worid and sun. to sun, oan no longer be 
regarded as an ultiinate ^irijaciple, but the residusd pdr- 
tion of a far more powerful force generated By that en- 

.ergetic agent which pervades creation. 

It is true that diis connection between the molecular 
forces ^md gravitation depends upon a hypotheiBis ; but 
in the greater number of physical investigations, some 
hypothesis is requisite in the first instance to aid the 
imperfection of our senses. Yet^ when the phenomena 
of iiature accord with the assumption, we are justified 
hi believing it to be a general law. ' 

As, the particles of material bodies are sot is actual 
contact, Professor Mossotti supposes that each is en* 
compassed by an atmosphere of the ethereal fluid ; 
that the atoms of the fluid repel one another; that th6 
molecules (^^ matter repel one another, but with less 
intensify; and that there is a mutual attraction be- 
tween'^tiie particles of matter and the atoms of the fluid. 
Forces which we know to exist, and whicK he assumes 
to vary inversely as squares of the distance. The fol- 
lowing important results have been obtained by the pro- 
fessor^from the adjustment of these three forces i-^^ 
■'. When tlie material molecules of a body are inappre- 
ciably nest to one another, t&ev mutually re|>el each 
other with a force which dimmishes rapidly as ibs 

- infinitely small distance between the matwial molecules' 
augments, and at last vanishes. When the molecules . 
are still fiurther apart, the force becpi^es attractive. At 
that particular point where the change takes place, the 
£M*ces of repulsion and attraction balance each other, so 
that the molecules of a body are neither disposed to 
approach nor recede, but remain in equilibrio. If we 
try to press them nearer, the repulsive force resists the 
attempt ; and if we endeavor to break the body ao us to 
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tear the particles asunder, the attractive force predom- 
inates and k^eps thena together. This is what consti- 
tutes the cohesive force, or force of aggregation, 1^ 
which the molecules of all substances are united. The 
limits of ^ the distance at which the ^negative apdo^ be^ 
conges positive vary according to the temperature and 
nature ef the molecules, and determine whether the 
body which they form be sblid? liquid, or aeriform. 

Beyond, this neutipal point, the attractive force in 
creases as the distance between>the inolecules augments, 
till it attains a nuiximum ; whern the particles are more 
apar^ it diminishes ; and as soon a.s Ihey are separated 
by finite or sensible distances^ it varies directly as their 
mass and inversely as the squares of the distance, 
which is precisely th6 law of universal gravitation. 

Thus on the hypothesis that the mutuid repulsion ' 
between the electric atqms As a little 'more powerful 
than the mutual repulsion between the particles of mat- 
ter, the ether and the matter attract each other with 
unequal intensities, which leave an excess of attractive 
force co^tituti&g gravitation. As the gravitating force 
i9 in opietation 'wherever there is matter, the ethereal 
electric fluid must encompass all the bodies in the uni- 
verse; ,and as it is' utterly incomprehensible that the 
celestial bodiesr- should exert a reciprocal attraction 
through a void, this important investigation of Profesdor 
Mossotti furnishes additional presumption in favor of ft 
universal ether, ah-eady all but proved by the motion of ' 
comets and the theory of light. 

' In a€rifbrm fluids the, particles oi matter aire 'more 
remote from each other than in Uquids and soHds; but 
the pressiure may be so great us to reduce hd aeriform 
fluid to a liquid, and a hquid to a solid. Dr. Faraday 
has reduced some of the gases to a liqmd state by very 
great compressiofrpbut although atmosphenc air is 
capable of a diminution of volume to which we do not 
know the limit, it has- hitherto always retained its 
gaseous propertied, and resumes its primitive volume 
. the instant the pressure is removed. "^v 

If the particles approach sufficiently near to produce 
equilibrium between the attractive and repulsive forces, 
but not near enopgh to admit of any influence from 
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their fonii,^perfect mobility witt "exist among theib re- 
sulting from the similarity of their attractions, and they 
will offer great resistance when compressed,; properties 
which characterize hquids in which the repulsive .prin- 
ciple is greater than in the gases. Wheil the distance 
between the particles is still less, solids are formed. 
But the nature of their structure will vary, becatise at 
such small distances the power of the mutual attraction 
of the particles' will depend upon their form, and- will 
be modified l^ the sides they preisent tchone another 
during their aggregation. Besides these three condi- 
tions of matter, there are an infinite variety of others 
^corresponding to the various limits at which the two 
cohtending forces are balanced, which may be observed 
in the fusion of metals, and othier substances passing 
from hardness to toughness, yLsfcidity, and through all 
the other stages to perfect.fiuidity and even to vapor. _^ 
The effort required to break-a substence is a measure 
of the intensity of tlie cohesive force exerted by its 
particles, which is as variable as the intensity of the 
repulsive principle. In stene, iron, steel, and all brittle 
and hard, bodies, the cohesion of the particles is powerful 
butt>f snudl extent. In elastic substances, on the con- 
trary, its action is weak but more extensive. Since all 
bodies expand by^ heat, tha cohesive force is weakened 
by an increase of temperature* 

> Every particle of matter, whether it forms a con* 
stitoent part of a solid, liquid, or aSriform flui4«'''is 
subject to the law of gravitation. The weight of the 
atmosphere, of gases «nd vapor^ shows that they consist 
of grayita^g particles. In liquids the cohesive force 
is not sufficiently powerful to resist the action of gravi- 
tation* Therefore, although their componi^nt particles 
still maintain their connection, the liquid is scattered by 
l^eir weighty unless when it is confined in a vessel or 
has already descended to the lowest point possible^ and 
assumed a level surface from the mobility of its particles 
and the influence of the gravitating force, as in th^ 
^ocean, pr a lake.. Solids would also fall to pieces by 
the weight of then: particles, if thia force of cbhesion 
' were not powerful enough to resist the efforts of gravi- 
tation. 
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The phenomeDa arising from the force of cohesion 
are innumerable. The spherical form" of rain drops; 
the difiplculty of detaching a plate of glass from the sur- 
face of water; the force witibi which two plane surfaces 
adhere when pressed together^ the drops that cCng to - 
the window-glass in a shower of rain--:«re all feffects of ^ 
cohesion entirely independent of atmospheric pressure, 
and are induded . ib the same analytical formula (N. 
158) which expresses aH the circuiAstancea> accurately, 
although' the laws accprding. to wHic^ the forces of. 
cohesion and repulsion vary are unknown. It. is more 
than probable that the spherical form of the siin and 
planets is due tP the force of cohesion, as they have 
every appearance of having heen at one period in a state 
of fusion. 

A very remarkable instance .of cohesion has-occiasion- 
ally been observed in plate^glass' manu&ctories. After 
the large platiBs of glass of which the mii^rs are to be 
n^e have received their last polish, they are carefully 
wiped and laid on their edges with then* surfaces resting 
on- one aoother. In the course of time the^ cohesion 
has sometimes been so powerful, that they could not be 
separated without /breaking. Instances have occurred 
where two or three have been so 'perfectly united, that 
they have been, cut and their edgesf polished as 4f they 
had been fused together, and so great was the force' 
required to make their surfaces slide th^t one tore off a^ 
portion of the surface of the other^ 

The size of the ultipiate particles of matter must be 
smaU in the extreme. Organized beings possessing life 
and aU its flmctioiis, have been discovered so small that 
a million of them would occupy less space than a grain 
of sand. The malleability of gold, the perfume of 
musk, the odor of flowers, and many other instances 
might be given of the excessive minuteness of the 
atoms of matter ; yet from a variety of circumstances it 
may be inferred that matter is not infinitely divisible. 
Dr. Wpllaston has shown that in . all probability , the 
atmospheres of the sun and planets to well as of the 
earth consUt of ultimate atoms no longer divisible ; and 
if so, itliat our atmosphere only extends to that point 
where the terrestaial "attraction is balanced by the elas- 
j2 
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ticity of the air. The definite proportions of chemical 
compounds aiford one, of the best proofs tha]t divisibility 
of matter has a limit. The cohesive force which has 
been the subject of the preceding considerations, only 
unites particles of the same kind of matter,; whereas 
affinity, ^rhich is the cause of chemical compounds^ is 
the mutual attraction between {)articles of different 
kinds of matter, and is 'merely a result of the electrical 
state of the particles, chemical affinity and electricity 
-being only forms of the same pawers. 

■ It is a permanent and universal law in all unorgsmized 
bodies hitherto analyzed, that the compoisition of sub< 
stances is definite and invariable, the same compound 
always consisting of the same elements united together 
in the same proportions. Two substances may indeed 
be mixed; but they will not combine to fortn a third 
Bubstance different from both, unless their component 
ptfrtieles unite in definite proportions, that is to say, one 
part by weight of one Of the substances willimite with 
one part by weight of the other, or with two parts, or 
three^ "Oi^four, &c., so as to formti new substance j but 
in any other proportions they will only be mechanicaUy 
tnixed. For example, one part by Weight, of hydrogon 
gas will combine with eight parts by weight of oxygen 
, gas and form water ^ or it will unite with sixteen parts 
by wei^t of oxygen, and form a substance called 
deutoxide ^ of hydrogen ; but a^ded to any other weight 
of oxygen, it will pi-oduco one or both of dsiase com- 
pounds mingled wiUi the portion oi oxygen or hydrogen 
in ^exce^s. The law of definite propcwrtion established 
by Dri Dalton, on the principle that every^ compound 
body consists of a combination of the atoms of its con- 
stituent parts, is of universal application, and is in fact 
one of the most iippiMtsnt discoveries in phy^cal science, 
furnishing information previously unhoped for with re- 
gard to the most secret and minute operations of nature, 
in disclosing the relative weights of the ultimate atoms 
of matter. Thus an atom of oxygen imiting with an 
atom of hydrogen forms the' compound water; but as 
evOry drop of water,- however small, consists of eight 
parts by weight of oxygen and one part by weight of 
iiydrogen, it follows, that an atom of oxygen ia ei^t 
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times heavier than an at»mof hydrogen. In, the same 
manner sulphuretted hydrogen ^s consists of siklSbdn 
parts by weight of sulphur and one of hydrogen; thefe- 
fpre, an atom of sulphur is sixteen times heavier than 
an atom of hydrogen. Also carbonic oxide is consti- 
tuted of six parts by Weight of carbon, and eight of 
oxygen ; and as ah atom of oxygen has eight times the 
weight of an atom of hydrogen^ it follows that an atbin 
of carbqn is six times heavier t^an one of hydrogen. 
Since the same definite proportion holds in the compo- 
sition of all substances that have been examined, it may 
be concluded that there are great differences in the 
weights of the ultimate particles of matter. M. Gay 
Jjussac discovered that gases unite together by their 
bulk or volumes, In such simple and definite proportions 
a» one to one, t>ne to two, one to three, &:c. For 
example, one volume or meas9re of oxygen unites with 
two volumes or measures of iiydrogen, in the formation 
of water. ' - ^ , - 

Affinity modified by the electrical condition of the 
particles of matter, has hitherto been believed to be the 
cause of chemical combinations. However, Pr. Fara- 
day has proved by experiments on bodies both in solu- 
tion and fusion, that chcmiical'affinity is merely a result 
of the electrical state of the particles of ihat^. Now 
it must be observed that the composition of bodies as 
well as their decomposition^ may be .accomplished by 
means of electricity ; and Dr. Faraday has found that 
this cheoucal oompositioh and deibompositibn, by a given 
current of electricity, is always accomplished according 
to the laws of definite proportions; and that the quan- 
tity of electricity requisite for the deciomposition of a 
substance is exactiy tibe quantity necessary for its com- 
position. I^hus the quantity of electricity which can 
decompose A ^in weight of wat^r is exactly equal to 
the quantity of electricity which uniites the elements of 
that grain of water together, and is equivalent to the 
quantity of atmospheric electricity w^hich. is active in a 
very powerful thunder-storm. These laws are univer- 
sal, and are of that high and general order that charac- 
terize all greit discoveries, and perfieictiy agree with 
Professor Mossotti^s theory. . r 
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Dr. Faraday has givBa a singular instance of cohesive 
force inducing chemical combination^ by the following 
oxperiment, which seems tobe neady allied to the di3- 
covery niade hj M. Boeliereiner, in 1823, of the spon- 
taneous combustion of spongy platina (N. 159) exposed 
to a stream of hydrogen gas mixed with common air. 
A plate of platina with extremely clean surfaces^ when 
plunged into oxygen and hydrogen gas mixed in the pro- 
portions which are found in the constitution of \^ter, 
causes (he gases to combine and water to be formed, 
the platina to become red-hot, and at last an explosion 
to take place ; the only conditions necessary for this 
curious experiment being excessiye purity in the gases 
and in the surface of £e plate. A sufficiently pure 
metallic surface can only, be obtained by inmiersing the 
platina inveiy strong hot sulphuric acid and then wash- 
ing it in distilled water, or by making it tiie positive 
pcSe of a pile in dilute sulphuric acid. It appears that 
the force of cohesion as. well as the force of affinity ex- 
erted by particles of matter, extends to all the particles 
-mthin a very minute distance. Hence the platiniSL while 
drawing the particles of the two gases toward its sur- 
face by its great cohesive attraction,^brings them so near 
to one another that they come within the sphere of their 
mutual affinity, and a chemical combipation takes place. 
Dr. Faraday attributes the effect in part, also to a dim- 
inution in the elasticity of the gaseous particles on their 
sides adjacent to the platina, and to their perfect mix- 
ture or association, as we^ as to the positive action of. 
the metal in condensing them against its surface by its. 
attractive force. The particles when chemically united 
run off the surface of the metal in the form of water by 
their gravitation, or pass away as aqueous vapor and make 
way for others. 

The particles of jnatter are so small that nothing is 
known of their form, further, than the dissimilarity of 
tlieir different sides in certain cases, which appears from 
their^ reciprocal attractions during crystalization being 
more or less powerful, according to the sides they pre- 
sent to one another. Crystalization is an effect of mole- 
cular attraction regulated by certain laws, according to 
which atoms of the isame kind of matter unite in rega- 
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tei" Ibrms^Hi fact easily proved l^ dtesolying a piece 'of 
alum ip pi^re water. The mutual. attraction of the par* 
tides is destroyed, by the water ; but if it be eraporate^ 
they unite and form in uniting eight-sided figures called 
octahedrons (N..160). These, however, are W all the 
saniie. Some have their angles cut oQ^, others their 
edges, and some both, while the remiunder take the 
regular form.' It is quite clear that the same circum- 
stances which cause the aggregation of a few particles 
would, if continued, cause the addition of more ; and 
the4)rocess would go on as long. as any particles remain 
free round the primitive nucleus, which, would increase 
in size, but would remain unchanged in form, the figure 
of tile particles being such as to maintain tiie r^nlarity 
and smoothness of the etarfaces of the solid and their 
mutual inclinations. A brokeu orystal will by degrees 
resume its^egular figure when put bac^ again into l^e 
solution of alum, which shows that the internal and ex-^ 
temal' particles are similar and have a similar attraction 
forjthe particles held in solution* The original condi^ 
tions of aggregation which make the molecules of the 
s^e substance unite in different forms must be very 
numerous, since of carbonate of lime alone there are 
many hundred varieties ; ^and certain it is from tiie mi> 
tion of polarised light through rock crystal, that a very 
different arrangement of particles, is requisi^ %o produce. 
An extremely small change in extemfil form. A variety 
of substances in crystalizing combine chemically witii a 
certain portion q£ water which in a dry state forms .an 
essential part of their- crystals; and according- to the 
experiments of MM. Haidinger and Mitscherlich seems 
in some cases to give the pecufial* determination to their 
constituent molecules. These gentiemen have observed 
that 'tiie same. substance .crystalizing at (Jkferent tem- 
peratures unites with diffiarent quantities of water and 
assumes a corresponding variety of forms. Beleniate 
of "zinc, for example, unites with titfei^ different portions 
of water, and assumes tiiree different forms, according 
as its temperature in the act of crystalizing is hot, luke- 
warm, or cold.' Sulphate of soda, also,, which crystal- 
izes at> 90° of Fahrenheit without water of crystaliza- 
tion, combines with water at the ordinary temperatuve 
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and takes a different form- Heat appears to have a 
great influence on the phenomena of crystalization, not 
only when the particles of matter are free, but eyen 
when firmly united^ for it dissolrea, their union and gives 
them anolher determination. Professor Mitscheriich 
found that prismatic crystals of sulphate ^f nickel (N. 161 ) 
^exposed to a summer's sun in a close vessel, had their' 
mternal structure so^completely altered without any ex- 
tjerior change, that' when broken open they were^ com- 
posed internally of octahedrons with square bases. The 
original aggreigation of the internal particles had been 
dissolved, and a disposition given to arrange themselves 
in a crystaline form. Crystals of sulphate of magnesia 
and of sulphate of zinc^ gradually heated in ateohol till it 
bpils, Ipse their transparency by degrees, ahd when 
opened are found to ccmsist of innumerable minute crys- 
tals totally different in form from the whole crystsJs ; 
and prismatic crystals of zinc (N. 162) «re K^hanged in a 
few seconds iuto octahedrons by the heat of. the sun: 
o&er instances might be given of the influence of even 
moderate degrees of temperature on molecular attrac- 
tion in the interior of sub^nces. It must be observed 
thai these experiments give entirely new vtewB< with 
regard to the constitution of solid bodies. We are led 
frpm the mobility of fluids to expect great changes in 
the relative positions of their molecules, which must' be 
in perpetual motion even in the stillest water or calmest 
air; but We. were not prepu^d to find motion to such 
ah extent in .the interior of solids. "That their particles 
are brought nearer by- cold and pressure, or removed 
farther from one anotiber by heat, might be expectcjd; 
but it could not have been anticipated diat their relative 
positions could be so entirely changed as to alter their 
mode of a^^gation. It follows from the low temper- 
ature at which these changes ar^ effected, that> thei^ 
is pi^obabfy no portion of inorganic matter that is not in 
a state of relative motion.^ 

Professor MitscherUch's discoveries with regard to 
the forms of crystalized substaiice8,^"as connected with 
their chemical charcter, have thrown additional lighten 
the constitution of material bodies. There is a certain 
set of czystaline forms which are not susceptible of 



8BCT.XIV. ISOMdBPHISM. 107 

variation, a9. die die or cube (N. 163), which may be 
small or large, but is invariably a solid bounded by six 
square surfaces or planes. Such also is the tetrahedron 
(N. 164) br four-sided solid contained by four equal- 
sided triangles. SeTeral other solids belong to this class, 
which is called the Tessular system of crystalization. 
There are other crystals which, though bounded by the 
same number of sides, and having the same form, are 

' yet susceptible of variation ; for instance, the eight- 
sided figure with a square base called an octahedron 
(N. 165), which ia sometimes flat and low and some- 
times acute atid high. It was formerly believed^ that 
identity of form m all crystals not belonging to the 
Tessukr system ii;idicated identity of chemical compo- 
sition. Professor ' Mitscherlich however has shown, 
that substances differing td- a certain degree in chemkiil 
composition have the property of assuming the same 
crystaline form, ¥ar example,'' the neutral phosphate 
of soda and the arseniate of soda ciystalize in the very 

< same ferin, contain the same quantities of acid, alkali, 
and water of crystaBzation ;« yet they differ so far, that 
one contains ^^arsenic and the other an equivalent quan- 
tity oif phosphorus. Substances havixig such properties 
are said to be isomorphous, tbat is, equal in form. Of 
these there are many groups, each, groiip having the 
same form, .and similarity though not identity of chemi- 
cal composition. For instance, one of the isomorphous 
groups is that .consisting of certain chemical substazices 
called the protoxides of iron, copper, zinc, nickel, and 
manganese, all of which are identical iii form and contain 
the same quantity of oxygen, but differ in the respective 
metals they contain, which ore however nearly i^ the 
sam'e proportion in each. All these circumstances tend 
to prove that substances having the same crystaline form 
must consist of ultimate atoms,' having the' same figure 
and arranged in the veiy same order ; so that the form 
of crystals is dependent on their atomic constitution. 

All crystaHzed bodies have joints called cleavages, at 
which they split more easily than in other directions ; ' 
on this properly the whole art of cutting diamonds de- 
pends. £ach substance splits in a manner and informs 
peculiar to itself. For example, all the hundreds of 
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fonns of carbonate of lime split into six-sided figures, 
called rhombohedrons (N.' 166), whose alternate angles' 
measare 105° r55 and 75^-05, however far the divisipii 
may Jbe cajrried^ therefore the ultimate particle of car-- 
bonate of lime is presumed to have that form* However 
'thi3 may be, it is ceitain that all the various crystals of ~ 
that mineral maybe formed by building up six-sided 
solids of the form described, in the same manner as chil- 
dren build Houses with miniature bricks. It may be 
imagined that a wide difference may exist between the 
particles of an unformed m^, and a crystal of the same 
substance -^ between the common shapeless limestone 
and the pure and limpid crystal of Iceland spar,- yet 
chemical analysis detects none ; their' ultimate atoms 
are identical, and crystaUzation shows that the difference 
arises only from the mode of aggregation. Besides, all 
. substances either czystalize naturally, or may be made to 
do so by art. Liquids crystalize in freezing, vapors by 
sublimation (N. 167) ; and hard bodies, whenftised, crys- 
talize in cooling. Hence it may be inferred that all sub- 
stances are composed of atoms,' on Whose magnitude, 
density, and form their, nature and qualities depend ; 
and as these qualities are unchangeable, the ultimate 
particles of matter must be^ incapable of wear--the same 
now as when created^ 

The oscillations of the atmosphere and the changes 
in its temperature, are measured l>y variations in the^ 
heights of the barometer and thermometer. But the 
actual length pf the liquid columns depends not'bnly upon* 
the force of gravitation, but upon the cohesive foi*ce, or 
reciprocal attraction between Uie molecules of th^ liquid 
and those of the tdbe containing it. This .peculiar action 
of the cohesive force id. called capillary attraction or ca- 
pillarity^ If a glass tube of extremely fine bore, such as 
a small thermometer tube, be plunged into a cup ef wa- 
ter orapirit of wine, the liquid will immediately rise in 
the tube above the level of that in the cup ; and the sur- 
face of the little column thus suspended win be a hollow 
'hemisphere, whose diameter is tne interior diameter of 
the tube. If the same tube be plunged into a cupful of 
mercury the liquid will also rise in uie tube, but it will, 
never attain the level of diat in the cup, and its surfnce 
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will be a hemisphere whose diameter is also the diame-> 
tor of the tube (N. 168). 7^he elevatioa.or depression 
i^the same liquid in different tubes of the. same matter^ 
h in the inverse ratio of their internal diameters (N. 169), 
and altogether independent of then* thickness ; whence 
it follow^ that the molecular action is insensible at sen-' 
sible distances, and that it is onlj the thinnest possi- 
ble film of the interior surface of the tubes that exerts a 
sensible action on the liquid. So much indeed is this 
the case, that when tubes of the same bore are com- 
pletely wetted with v^ater throughout their whole ex- 
tent, mercury will rise to the same height in all of them, 
whatever be their thickness er. density, becjiiuse the mi- 
nute coating of moisture is sufficient to remove the in- 
ternal column of mercury beyond the sphere of attraction 
of the tube, and to supply the place of a tube by it9< 
own capillary aittractionv The forces which produce the 
capillary phenomena are the reciprocal attraction of the 
tubia and the liquid, and of the Uquid particles on one 
another; and in order that the capillary column maybe 
in equiUbrio, the weight of that part of it which rises 
above oir sinks below the level of the liquid in the cup 
must balance these forces. ~ . 

>The estimation of the action of the liquid is a difficult 
part of this problem. La Place, Dr. Young, and other 
mathematicians, have considered the liquid within the 
tube to be of uniform density ; but M. Poisson, in one 
of those masterly productions in whieh he elucidates the 
most abstruse subjects, has^ proved that the phonome^a 
of capillary attraction depend upon a rapid decrease in 
the density of the liquid column diroughout an extremely 
small space at its surface. Every indefinitely thin layer 
of a liquid is compressed by the Uquid above it, andsup* 
ported by that below. Its degree of condensation de- 
pends upon the magnitude of the com|>res8ion force ; 
and as tjiis ' force decreases rapidly toward the surface 
where it vanishes, the density of the liquid decreases 
also, M. Poisson has shown that when this force is 
omitted, tJie capillary surface becomes plane, and that 
the liquid in the tube wiir neither lise- above nor sink 
below the Iciv^l of that in the cup. In estimating the 
forces, it is also necessary to include the variatioQ in the 
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•density of the xapillazy surface round die edges from the 
attraction of the tubei. 

"^The direction of the resulting force determines the 
curvatiure of the sorfabe of the capillary column. In 
order that a liquid may be- in equUibrio, the force reh 
«ultii|g frona all the forbes acting upon, it must be per<- 
pendicular to ithe siirface. Now it appears that as fflass. 
is more dense thaii water dr alcohol, the resulting force 
will be inclined toward the interior ^ side of the tube ; 
therefore the surface of the liquid must be more ele« 
yated at the sides of the tube than in the center in order 
to be perpendicular to it, so that it will be concave aa inr 
the thermometer* But, as glass is less dense than mer* 
cury, the resulting force will be inclined from the interior 
side of the tube (N. 170), so' that the surface of the ca* 
pillary column must foe more depressed at the sides of 
the tube than in the center, in order to W perpendicular 
to the resultiag force, and is consequently convex, as 
maybe perceived in the mercury ^f the barometel: when 
rising. The absorption of moisture by sponges, sugar, 
salt, &c., are familiar examples of capillary attraction. 
Indeed tlie^ pores of sugar are so minute, that there 
seems to be no Jimit to the ascent of the liquid. Wine 
is drawn up in a curve on the interior surfatse of a |;lass ; 
' tea rises above its- level on the side of a cup; but if the 
glass or .cup be too full, die edges attract the Uqjaid 
downwffcrd, and gnre it a rounded form. A column of 
liquid will rise^above or sink below its level between two 
plane parallel sur&cei when near to one another, ac- 
cording to the relative densities of the plates and the 
Mquid (N. 171) ; and' the phenomena will b^d exactly the 
same as in a cylikidrical tube whose diameter is doublia 
the distance of the plates froni each other. If the two 
surfaces be very near to one another, and touch each 
other at one of their tipright edges, the liquid will rise 
highest at the edges that are in contact, and will grad- 
ually diminish in hei^ as the' surfaces become more 
«ep^rated< The whole outline of the liquid column will 
^ave the form of a hyperbola. Indeed so universal is 
the action of capillarity, that solids and liquids cannot 
touch one another without producing a change in the 
form of the surface of the liquid. 
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The ottFactions and repulsidns aiwingfroiii capillarity 
present many curious phenomena. If two plates : (Xf 
fiass or metal, both of which are either dry or wet, be 
partly immers^ in a liquid parallel to one ano^r, the 
liquid will be raised or depressed.close to their surfacesT, 
but will maintain its level through the rest of the space 
that separates them. At such a distance they neith^ 
attract nor repel one Another ; but the instant they are 
brought so near as to make the level part of the hqiiid 
disappear, and the two curved parts of it meet, the twp 
plates will rush toward each o^er and remain pressed 
together (N. 172). If one of the' surfaoes be wet and 
the other dry, they will repel one another wheii- so near 
as to have a curved surface of liquid between them ; biit' 
if forced to approach a little nearer the repulsion will be 
overcome, and they witf attract each other as if they 
wiere* both wet or both dry. Two balls of pith or wood 
floating in water, ot- two balls of tin floating in tnercury, 
attract one aAoth^ as soon as tiiey "are so near that the 
surface of the liquid is curved between them. Two 
abipB in the ocean may be brought into collision by this 
principle. But two. balls, one of which is Wet Bind the 
«ther dry, repel one anothei* as soon as the liquid which 
separates them is curved at its surface. A bit of tea 
leaf is attracted by the edge of the cup if wet and re* 
polled when dry,^ provided it be not too far from the 
ed|^ and the cup moderately full ; if too full, the con- 
tmry takes place. It is probable- that the rise of the 
sap in vegetables is in some degree owing to capillarity;. 



Section XV*. 

An^ysia of the Atmo«phere — Its Pressure — Law of Decrease in' Density-^ 
Law of Pecrease in Temperature — Measurement of Heights by the 
Barometer — Extent (^ the Atmosphere — ^Barometrical Variations — Oscil- 

• lations — Trade Winds — Mousoons— Rotation of Winds-^LawS of Hor- 
ricai^es — Water-Spouts. ^ ^ 

The atmosphere is not homogeneous. It appear^ 
ftom analysis Uiat of 100 parts 79 are azotic gas, and 21 .. 
oxygen, the great source of combustion and animal heAtik 
Besides these there are three or four parts of carb 
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acid gas in 1000 parts pf atmospheric aiF. These pro- 
portions ^re found to be the same at all heights hitherto 
attained by man. The air iis "an elastic fluid resisting 
pressure in every direction, and is subject ^to the law of 
gravitation. 'As. the space in tiie top of the tube- of a- 
baromieter is a vacuum, the colui^ of mercury sus- 
pended by the pressure of the atmosphere on the stur- 
iiicti af die cistern is ti measure of its weight. Conse- 
qu^Etlj every vnrintinn id tlio density occasions a cor- 
respond Log rise or fall in the barometrical column. The 
pre^vuro of the atmosiphere ib about fifteen pounds on 
every square inch; &q lh»ti the surfisice of the whole 
globe suMmDs a weight of 11,449,000,000 hundreds ef 

1 millions of pyundii. SheU-ikh which have the power of 
produciijf a vaQuum, adhere to the rocks by a pressure 
of l!f\,aeii pounds upon every square inch of contact.w 

Sjiicf^ the atmosphere L^ btiiii elastic and heavy, its 
density iiiacessaryj dimiai^bes in ascending above tiie 
jiuH'ace of the earth ; for each stratum of air is com- 
pressed only by the wei([rht above it. Therefore the 
up|>er strata are less dense, becaiise they, are less com- 
pressed than' those b^low them. Whence it is easy to 
show, supposing the temperature to be constant, that if 
the heights above the earth be taken in increasing 
arithmeticcd progression — ^that is, if they increase by 
equal quantities, as%y a foot or a mile, the densities of 
the strata of air, or the heights of the barometer which 
are ^oportionate to them, will decrease in geometrical 
progression. For example, at the level of the sea, if tba 
mean height of the barometer be 29'922 inches, at the 
height of 18,000 feet it will be 14-961 inches, or on6 
half as great ; at the height of 36,000 feet, it will be one 
fourth as great; §t 54,000 feet, it will be one eightii, 
and so on, which affords a method of measuring the 
heights of mountains with coiifsiderable accuracy, and 
would be very simple, if the decrease in the density of 
the air were exactly according to the preceding law. 
-But it is modified by several circumstances, and chiefly 
by changes of temperature, because heat dilates tiie 

, air and cold ^pntracts it, varying ^^ of the whole bulk 
when at 32°, for every degree of !Pahrenheif s ther- 
mometer. Experience shows that the heat of the air 
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decreases as the heij^t above the i|iirfac& of the eaiith^ 
increases. - And it appears frota recent investigai^'ns 
tbat^ the niean temperature of spae^ is 58^ below the 
zero point of Fahrenheit, which would probably ber the 
temperature of this surfiace of the eaith also were it 
not for the non-conducting power of the air, whence it 
is enabled to retain the heat of the sub's rays, which 
the earth imbibes and radiates in all directions. The 
decrease in heat is very irregular ; eacl» authority gives 
a different estimate ; probably because^ thb ^d^rease 
varies with the latitude as weH as the height, and toteM^ ' 
thing is due also to local cirenmstances. ' But &om tSke 
mean' of five different statements, it se#mi to i^ aboul 
one degree for every 334 feet, which is the cause of the~ 
severe cold and eterna],. snows on the min^iits of the 
Alpine chains* Of the various methtid^ of' computing 
heighf» from bafometrical measurement ^at of Mr. 
Ivory has the advantage of combinin|f accuracy with the 
greatest simplicity. Indeed the accuracy wj^ frhich 
die heights of mountains can b^ obtained by this method 
is very remarkable. Captain Smyth, R.N., and Sir 
Jehn Herschel ineasured the height'' of Etna by the 
barometer without any communication and in different 
years;. Captain Smyth made it 10,874 feet, and Sir John 
Herschel 10,873 ; the difference being only one foot. In 
consequence of the diminished pressure of the atmos- 
phere, water boils at a lower temperature on the moun- 
tain tops than invthe valleys, which induced Fahrenheit 
to propose this mode of observatiMi as ■« method of as- 
certaining their heights. It is veiy sunple, as professor 
Forbes has ascertained that the temperature of the boil- 
ing point varies in an arithmetical proportion with the 
height, or 649*5 feet for every degree ^Fahrenheit, so 
that the calculation, of height becomes one of arithmetic 
on^ without the use of any table. 

-The atmosphere when in equilibrio is an ellipsoid 
flattened at the poles from its rotation with the earth. 
In that state its strata are of uniform density at equal 
heights above the level 4f the sea, and it is sensible of 
finite extent when it insists of paiticles inilhitely divisi- 
ble or not. On the latter hypothesis it must really be 
finite, and even if|ts particles be infinitely divisible it is 
8 B.2 
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imo^y^ by expepence to be of extreme tenni^ at very 
Bimn heights. The barometer riseg in proportion to 
the super-incmnfoeDt preastffo. At the level of tbe sea 
in the latitude of 45° and at the temperature of melting 
ice, the mean hei^t of the harometer heAng 29*922 
inches, the denstfy^of the air is to the density of a simi- 
lar volume of mercury as 1 to 10477*9. Consequjsntiy 
the height of the atmosphere supposed to be of uniform 
density wotdd be about 4*95 miles. -But as the density 
decreases upward in geometrieal progression it is coutsid^ 
erab^ higher, prc^liably about fiity imles ; at tliat hei^t 
it must be of extreme teuuity, for llie decrease in densil^ 
is so rfl^d that4hree fourtlm ef all th« air contained in 
the '^atmosphere is within foiur miles of dio e«r& ; and* 
83 its superficial extent is 200 millions of square -miles, 
its relative thickness is less than that of a ftheet of paper 
when compared with its breadth. The air even on 
mountain tops is snffidentlfr rare to diminiih the iuteoslty 
of sound, to afiect respiration, and to Occasion a loss oi 
muscular strength. . The blood burdt from the fips and 
ears of M. dtf Humboldt as he^ ascended the Andes; 
and he experienced ,the same difficulty in kindling ttnd ^ 
maintaining a fire at, great hei^its which Mait^ Pdk> 
the y enetiaa felt on the mountains 6f Central Asia. M. 
Gay-Lussac and Ifi.. iBiot ascended in a balliDOii to the 
height of 4*36 miles, which is the greatest elevataOtt th^ 
man has attained, and they suffered greatly from the 
rarity of the air. It is true that at the heUj^t of thirty- 
seven miles,, the atmosf^re is still dens^ enoug^*^ to 
reflect the rays of the sun when IS*' below the horieoft^ 
but the tails of comets a^ow that extremely attenuated 
matter is capable <of reflecting light. And altiiou^ at 
the height of fi% miles^ Ihe bunding of &e meteor et" 
1783 Was heard on earth like the report of a cannon, H 
only proves the immensity of the ex|doBion • of a masai 
Jbalf a mile in diameter, whidi could produce a Bound 
capable (tf penetrating air three thousand tiuieg more 
rare than Umt we breathe. But evefr these hei^its are 
extremely small when comparad with the -radius of the 
earth. - . * 

The mean pressure of thelitmospher^ i^ not the same 
aU over the globe. It is less at the equator than at th€^ 
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tropics or in the higher latitudes^ in conseqaence^^^ the 
aseent oC the heated ^r from the snrface c^ the earth ; 
it is less also en the shores of the Bakic sea than it is 
in France, probaUgr from aome' permanent edd^ in the 
air arising from the conformation of the surTteandmg 
land; andtosimilar local causes those banwietric depres* 
skms may be attHbuted which have been observed by 
M. Erman, near A» Sea of Ochotzk in Eastern Siber», 
and Ij^y Ckptain Foster near Cape Horn. 

There are various periodic oscyUations in the atmos- 
phere which, rising and faUing like waves la the sea, 
occasion cotrespooSing changes in tlie height of trhe 
barometer, but they difier as much from the trade winds,' 
monsoons, and other currents, as the tides of the sea do 
from the Qulf-stream and other oceanic, rivers. The 
«u»^ and moon disturb the equBibraum of the atmosphere 
by their attraction, and produce annual undgiations winch 
have their maximum altitudes at the eqtiinoies and th^ 
minima at the solstices. There are also lunar tides 
which ebb and flow twice .in the course, of a lunation. 
The diurnal tides,- which accomplish their rise and &I1 
in six hoursj are greatly modified by the heat of. the 
8un» . Be^een the tropics the barometer ^ attluns its 
maximum height about nine in the moniing, then sinks 
till three or four in the i^moon ; it agpun rises ' and 
attains a second maximum about nine in the evening, 
and then it beg^ to &11 and reaches a^eccmd niinimum 
at three in the mon^mg^ again to pursue the same course. 
According to M. Bouvard, the amount of the osciUatiois 
at the equator is proportional to the temperature, and 
4n other parallels it varies as the temperature and the 
square of the cosine of the latitude conjointly^ conse- 
quently it decreases fromi the equator to the poles, but 
it is somewhat greater in the day than in the night. 

Besides these small undulations, there are vast waves, 
perpetually moving over the continents^ and oceans in 
separate and jj^dependent systems, being confined, to 
local yet vety extensive districts, probably occasioned by 
kuig*«ontinued rains or dry weather over large tracts of 
country. By numerous barometrical observations made 
simultaneously in both hemispheres, the courses of sev- 
eral have been traced, some of which occupy twen£jr-four 
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J and others tlurQr-six hours to accompfisfaTtheir rise And 
faU. One especially of these, ▼ast'barpmetric waves, many 
hnndreds of mile& in breadth, has beeoctraced over the 
greater part of £urope,,atid not its breadth' onljt but also 
die direc^on of itd front and its velocity &ave heeo elearly 
ascertained. ^A-lthough like all other waves thidse are 
but moving fornas, yet winds arise dependent on them, 
like tida streams ia the ocean » Mr. Birt has deter- 
mined the periods of other waves of still greater extent 
and duration, two of which requi|*e seventeen days to 
rise and fall, and another took tnirteen days to cdmpleto 
its unduia^tioit. ^ince each oscillation has its perfect 
effect indopendentfy: of the others, each one is marked 
by a change in the barometer, and this id beautifully 
illustrated by curves constructed from a series of obser- 
vations. Tne general^ form of the curve shows the 
course of the pnncipal wtive, while small undulations in 
its outline mark the maxima and minima' of the minor 
oscillations; * 

The trade-winds, which are the principal currents in 
the atmosphere, are only a particular case of those very 
general laws which regulate the 'motion of the^ winds 
depending on the rarefaction of the air combined with 
the rotation of the earth on its axis. ' 

The heat of the sun occasions these atrial currents 
by rarefying the air at the equator, which ^causes the 
cooler and n^iore dense part of the atmosphere to fush 
along the surface of the earth from the poles toward the 
equator, whife that which is heated is carried along the 
higher stirata to the poles, forming two counter-currents 
in the direction of ^e meridian. But like^ rotatory ve- 
locity of 'the air corresponding to its geographical posi- 
tion decreases toward the poles. In approaching the 
equator it naust therefore revolve inore slowly than the 
COTresppnding parts of the earth, and the bodies on the 
surface of the- earth must strike against it T^th the ex- 
cess of their velocity, and by its reaction they will meet 
with a resistance contrary to their motion of rotation. 
So that the wind will appear to a person supposing him- 
self to be at rest, to blow in a direction nearly &oUgh 
not altogether contrary to the earth's rotation; because 
these currents will still retain a part of their northerly 



8SCT.XV. THE TRADS.WINDB. - 117 

and southerly impetus^ whidi, combining with their de> 
ficienc^ of rotatory velocity, will make ikem appear to 
blow from the north-east on one side of the equator and 
from the south-east on the othei:, which is the general 
dir^ctlna of the trade-winds. But they are modified 
both in intenaity.and direction by the .seasons, by the 
neighborhood of continents, and by the nature of the 
soU, so that the. phenomena are not the same in both 
hemispheres. These winds, howeVer, are not felt at all 
under tl^e line, because the easterly tendency of the 
two great polar cijrrents is graduldly diminished as they 
approach the equator by the friction of the earth, which 
slowly imparts a portion of its rotatory yelocity to them 
as they pass along, and when they meet in the equator 
they destroy one another's impetus. The equator does 
not exactly coincide with the line which separates the 
trade-winds north aqd south of it That line of separa- 
tion depends^upon the total difference of heat in the two 
hemispheres, arising from the distribution of land and: 
water, and other causes. 

The poller currents from defect of rotatory velocity 
tend, by their friction near the' equator, to diminish the 
velocity of the earth's rotation ; while, on the contrary, 
the equatorial' or upper currents carry their excess of 
rotatory velocity north and south. And as they ecca- 
sionally come to the surface in their passage tathe poled*, 
they act on the earth by their friction as a strong soutii^ 
west wind in the northern henousphere, and as ^ nortiii- 
west wind in the- southern. In this manner the equili- 
brium of rotation is maintained.. Sir John Herschel 
ascribes to thilf cause the western apd south-western 
gales so prevalent in our latitudes, and also the west 
winds wldch are so constant in the North Atlantic. 

There are many proofs of the existence of- the coun- 
ter-<currents above the ^trade-winds. ^ On the Peak of 
Teneriffe the prevailing winds are fro^ the west. The 
ashes of the volcano of St. Vincent's, in th^ year 1813^ 
were carried to windward as far as Barbadoes by the 
upper current. The captain of a>Bristol ship declared 
that on that occasion dust from St. Vincent's feU to the 
depth of five inches on the deck at the distances of 500 
ikiilea to the eastward. Light -clouds hate frequency 



ltd THB M0N800ICS; Smct, Xt. 

been seen lOovBig rapidly from west to east, at a very 
great hei^t above :tibie trade-wiiMk, which were sweep- 
ing along tiie ^nr&ce of the ocean in a contrary direc- 
tion. ~ ^UBS, clouds^ and nearly all the other, atmos- 
pheric phenomena occur below the height' of 18,000: 
feet, and geneiiafly much nearer to the sur&ee of the 
earth. They are owing to cnrrents of air running npon 
each other in hor^cmtal strata^ and differing in their 
electric stato, in tenaperature imd moisture, as well as 
in Telocity and direction. v *-* ^ 

The monsoons are steady correhts <six months in. du- 
ration, owing to dimimshed atmospheric piressure at each 
tropic alternate^ from the heat of the sun, thereby pro- 
ducing a regular altemalion of north and south winds; 
which combining their motion with that of the earth on 
its axis become a north-east wind in the northern hem- 
isphere aitkd a south-west in the soutiiem ; the former 
blows from April to October and the kttor from October 
to ApriL The change from, one to the other is at- 
tended by violent ruhs, with storms of thunder and 
lightning. From some peculiar xsonformatibn of the 
land and water, these winds are confined to the Arabian 
Gutf, the Indian Ocean, and the China Sea. 

WImhi north and south winds blow alternately, the^ 
wind' at any place will veer in one uniform' direction 
thriangh every pcnnt of the compass, provided the one ( 
begins before die other has ceased. In the northenr 
hemisphere a north>wind«ets out with a smaller degree 
of totat;pry motion than the places have at which it suc- 
cessively arrives, consequently it passes through all the 
pdnts (^ the compass fri>m N^ to N. £. and £. A cur- 
rent from ttie south, on the contrary, sets out wilii a 
greater rotatory velocity tlian the places have at which 
it successively arrives, so by the rotation of the e^h it 
is deflected from S. to S. W. and W. Now ifthe vane 
at any f^e should have veered from the N. through 
N. E. to £., and a south wind should spring up, it wcndd 
cc^bine its motion with the former and cause the vane 
to turn successively from ttte £. to S. £. and S. But 
by the earth's rotation this south wind will veer to the 
S^ W. and Wv, and if a north wind should now arise, it 
would combine its motion with that of the west and 
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cause it to veer to ttie N. W. and N. TlnM two alter- 
nadotts of north aad south wind will cause the vane at 
any pdace to go completely ronnd the compass, from N. 
to E.;v^., W., and N. agsdn. At the Ro^al Observatory 
at Greentnach, the wind accomplishes five circuits in that 
direction in the course of a year. When circumstances 
combine to produce altornato north and south winds in 
the aouthem hemisphere, the gyration Is in the contrary 
direction. Ahihough the general tendency of the wind 
may be rotatoiy^ and is ^ inf many instances, at least 
for part of the year, yet it is so often counteracted by 
looial circumstances, tiiat thie winds are in general very 
irregular ; every disturbance in atmospheric equilibrium 
fi:vm1ieat or any other cause producing a corresponding 
win). The most prevalent winds in Eurojpe are the 
N. E. and S. W. ; the former arises from the north 
polar current, and the latter from causes alrjBady men- 
laened. .T^ law of llie wind's rotation was^ noticed by 
Dr. Balton, but has been developed by Professor Dove, 
of Berlin. 

Hurneanes are those Storms of Wind in which the 
portion of the atmosphere that fonns tliem revohres in a 
hori2^iital circuit round a vertical or somewhat inclined 
axis of rotation^ while the axis itself, and consequently 
the whole storm, is carried forward along the sunace of 
the globe^ so that the direction in whi^ the stomi is 
advancing is quite different from the ditection in Which 
the rotatory current may bo blowing at any point. In 
the West Indieis, where hurricanes fire frequent and 
destructive, they generally originate in the tropical 
regions near the rniier boundary of the trade-winds, and 
are probab^f owing to a portion of flie superior current 
of wind penetrating, through the lower. By far the 
greater number of Atlantic hurricanes have begun 
eastward ofthe lesser Antilles or Caribbean Islands. 

In every case the axis of the storm moves in an 
elfiptical or parabolic curve, having its vertex in' or near 
the tropic of Cancer, which marks the external limit of 
the trade-winds north of the equator. As the motion 
before it reaches the tropic is in a straight line from S. 
£. to N. W., and after it has j)a8sed it from S. W. to 
N. £.y the bend of the curvis is turned toward Florida 
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and the Carolinas. In , the , southern . howpheiltf the 
body of the storms moves in exactly the opposite direc- 
tion. The hurricanes which originate south of the 
equator, and whose initial path is .from N. £. to S. W., 
bend round at the tropic of Capricorn, and then bend 
irom N. W. to S. E. 

The extent snd yelocity of these storms are great; 
for instance, the hurricane tha|;,topk place on the 12th 
of August, 1830, was traced.froQi the eastward or the 
Caribbee Islands to the bank of Newfoundland, a distance 
of more than 3000 miles, which it passed over, in six 
days. Although the hurricane of the Ist of September, 
1821, was not so extensive, its velocity was greater, as 
it moved at the rate of 30 mUes an hour : small storms 
are generally more rapid than those of grea);er dimen- 
sions. 

. The action of these storms seems to be at first coilr 
fined to the i^tratum of abr nearest the earth, and then 
they seldom appear to be more than a naile high, 
though sometimes they are , raised higher; ox «ven 
divided by a mountain into two separate stoi^ns, each of 
which continues its new path and gyrations with in- 
creased violence. This occurred in the gale of the 25th 
of December, 1821, in the Mediterranean, when the 
Spanish inountains s^d the Marititae Alps became new 
centers of ^motion. 

By the friction of the earth the axis of the stor^ 
bends a little forward, so that the whirling motion begins 
in the higher re^ons of the atmosphere before it is felt 
on the earth. This Causes a continual intermixture ot 
the lower and war^er^ strata of air with those that are 
higher and colder, producing torrents of rain and violent 
electric explosions. ; 

Tha^ rotation is difiereint;.in direction in different hfpi- 
«pheres, though always alike in the sanie. In ihe 
northern hemisphere the gyration is contrary to the 
. movement of the hands, of a watchf that is to 8ay» the 
wind revolves from east round through the north to the 
west, south and east again ; while in the southern, hemi- 
sphere, the rotation about the axis of the storm is in the 
contraiy. direction. 

The br^th of the whirlwind is gfeatly augmented 
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v/henf the path of the storm changes on crossing tfie 
tropic. The vortex of a (^ornthas covered an extent of 
tlie surface of tiie globe 500 miles in diameter. . . 

The revolving motion accoimta for the sudden and 
violent changes observed during hurricanes.. In conse- 
quence of. the rotation of the air, the. wind Uows in op- 
^posite directions on each side, of the axis of the storm, 
aud^e violenee-of the blast increases fh)m the cireum^ 
feretice toward the center of gyration, but in the center 
itself the air is in repose : iience, whep the body of the 
storm passes over a plaeev^the wind begins to blow mod- 
erately, and increases to a hurricane as the center of 
the whirlwind approaches ; then, iu a moment, a dead 
and awful calm succeeds, suddenly followed by a re- 
newal of the storm in all its violence, but now blowing 
in a direction diametrically opposite to its former course. 
This happened at the Island of St^ Thpmas, on the 2d 
ef August, 1837, where the hurricane increased in vio- 
lence till half-past seven in the motning, when perfect 
stillness took place fer forty minutes, after which the 
storm recoounenced in a contrary direction. ^ . ; 

The sudden fall of the mercury in the barometer in 
the regions habitually visited by hurricane^^ is a certain 
indication ef a coming tempest. In consequence of the 
centrifugal force of these rotatory storms the air be- 
comes rarefied, and as the atmosjphere is disturbed to 
some ^stance beyond the a<itual circle of gyration or 
limits of the storm, the. barometer often sinks some 
hours before its arrival, from the original c&use of the 
rotatory disturbance. It continues £U)king under the 
first half of the hurricane, and again rises during the 
passage of the latter half, though it does not attain its 
greatest height till the storm is over. The diminution 
of .jttmosphenc pressure id greater and extends over a 
wider area in the temperate zones tb^n in the torrid, 
on account of the. sudden expansion of the circle of rota- 
tion when the gale crosses the tropic. 

As. the fall of the. barometer gives warning of the ap- 
proach of a hurricane, so the laws of the storm's mo- 
tion afford to the. seaman the knowlodge to guide him in^ 
avoiding it. In the northern temperate zone, if the gi^e 
begins Uom the S. .£. and veers by S« to W., the «hip 
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should fltoar to ^ S. £. ; bm if tbe galo begins *ftom 
the N. £., B3^ changes ihioagh N. to N. W:, the^ves- 
sel abovH go to the N. W. In the nordiern patt of t^ 
torrid zone, if the storm, bef^ firdm the N. £> and veer 
through £^ to S. £«» the ship should steer to the N. £; ; 
but if it begin firom the N. W^ and veer by W. to S. W., 
tihe ship sl^uld steer to the & WM.beoanseshe is in the 
south-westoni side of the storm. Sinee the laws of 
storms are reversed in the southern hemisphere, die 
rules for steering vessels ate necessarily reversed also. 
A heavy swell is peculiarly oharactoriBtie of these 
storms. In the open sea the swell often extends many 
le^zues beyond the range of the gsle which produced it. 
Waterspouits are occasicmed by small whiriwi nds, 
which always have their origin at a great distance from 
thiEit part of the sea finom which the spout begins to nse, 
where it is generally t»lni. The whirl cf.tiie air be- 
gins in the clouds, and extending downward to the see, 
causes the water to ascend in a spixal by the impulse of 
the centrifugal force. When waterspouts have a pro^ 
gressive motion, tiie vorteK of air in the cloud above 
must move with the same velocity, otherwise t^ spouts 
breal^ which firequently happens. 
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VrmuaMm of fiodad ilhartnte^ by « FI«ld of Stao^ipg Cora— 
Nfttiuv of WfLV f r iaumatum. of Sonnd thraof h the AtmaapknT— 
Iht6^it7--^0i8os — A. Musical Somul — Quality -<- ^tch— Sz^nt of 
BtunanH^ariag'— -Velocity of Sound in Air, Water, and Solid* — Gaoaes 
of the Obetrao&n of Sound— Law of ita Intensity— Reileotign of Sonnd 
— EchoeaT-Thunder— Refrartion of Sound— l«teifa|«iios of Sounds. 

One of the most important uses of llie atmosphere^ Is 
the conveyance of sonnd. W^liioa^ t^e air ^^thMke 
silence would preyaji through nature, for in common 
' with all substances, it has a tnidenoy to impart vibratiens 
to bodies^in contact with it. Thnefore undulation^ re- 
ceived by the air, whether it be from a sudden impulse 
such as an explosion or the-vibiBtioos iof a musical chord, 
are propagated in eveiy direction/ and }wodnce the seiih 
sation of sound upon the auditoiy nerves. A beU rung 
under the exiiauated reoeiverof an air-pump is inaudi- 
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IM, which ehowM th^ the atmospheie is rellll^ the me- 
dium o£ somid. In tfa^ small midnlations of deep water 
in a calm, the vibratioiis of the IkpM paitMeis are made 
in tiie vertioal plane, that is up and down, or at right 
angles to the direction of the transmission of ihe wares. 
But the Tibrations of the particles of air which produce 
soinnd differ from tiiese, bemg performed in the s^me 
direction in \f^iicl^ tiie wavea of S9und travek The 
proportion of sound has be^n ilhwtafated by afield o{ 
com agitated by the wind. However irregular the 
motion of the. com may sclem^on a superficial Tiew, it 
will be fQund, if the Velocity of pa» wihd be constant, 
that the waves, are aH precis^ similar and e^ual^ and 
that all are separated by equal interrals and move in 
equal times. 

A sudden blast depresses each ear equity and sue-* 
cessively in the direction of the wind) but in conse- 
auence of the elasticity of the stalks and the force of 
uxe impulse, each ear not only risea again as soon as 
the pressure is removed, but bends back nearly ar 
much in the contraiy direction, and then continues to 
oscillate backwaid and forward in equal times, like a 
pendulum to a less and less extent, till the resistance of 
the air puts a stop to the motion. Th^ese vibratuMis are 
the same for every, individual ^ar of com. Yet as their 
oscillations do not all commence at the same timet but 
successively, the ears will have a variety of positk)ns at 
any one instant. Some of the adtancmg ears will meet 
others in their returning vibrations, and as the times of 
oscifiatiipn.are equal for all, they wiU be crowded to- 
gether at regular intervals. Between these there will 
occur equal spaces, where the ears will be few, in con* 
sequence of being bent in opposite' directions ; and at 
other equal intervals they will be in their natural upright 
positipDs. So that over the whole field there wiU fa« a 
regular series of condensations and rarefactions among 
the ears of com, separated by equal intervals where 
they wiU be in their natural state of density. In con- 
sequence^ of these changes the field will be marked by 
an alternation, of bright apd dark bands*. fPhus the 
successive waves which flv over the com with, the 
speed of the wind, are totally distinct fi^m, and entkely 
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independwit pf tb|. extent of the oscillalaonB of each in- 
dividual ear, though both take* place in the same direc- 
tion. iThe length of a wave is equal to the space be- 
tween two ears precisely in the same state of motion, 
or which cure moving similarly, and the time of the Vi- 
bration of e^ch ear is equal to that which elapses be- 
tween the arrival of two successive w&vbs at the same 
point. The onfy difference between the undulations of 
a eorn-field and those of the air which produce sound 
is, that each ear of com is set in motion by an extenial 
cause and. is uninfluenced by the motion of the rest; 
whereas in air, which is a compressible iemd elastic fluid, 
when one particle begins to oscillate, it communicates 
its vibrations to the surrotmding particles, which trans- 
mit them to those adjacent, and so on eontinuaUy* 
Hence froin the successive vibrations of the particle^ of 
iEiir the same regular condensations and rarefactions take 
place as in the field of coni, producing waves through-' 
out the whole mass of air, though each molecule, like 
each individual ear of cpm, never moves far from its 
state of rest. The small waves of a liquid and the un- 
dulations of the air like waves in the com, are evidently 
not real niasses moving- in the direction in which they 
are advancing, but merely outlines, motions, or forms 
passing, along, and <M>mprehending all the particles of an 
undulating fluid which are at once in- a vibratory state. 
It is thus that an impulse given to. any one point of th9 
atanosphere is siiccessively propagated in all directions, 
in a wave diverging as from the center of a sphwe to 
greater and greater, distances, but with decreasing in- 
tensity, in consequence of the increasing number of par- 
ticles of> inert matter which the force has ta move ; like 
the waves formed in still water by a falling stone, which 
are proparaited circularly all around the center of dis- 
turbance (N. 156). 

The intensity of sound depends upon the violence 
and/extent of the initial vibrations of air ; but whatever 
they may be,, each undulation when once formed can 
only be transpiitted; striught forward, and never -returns 
back again unless when reflected by an opposing ob- 
stacle. The vibrations of the atrial molecules are al- 
ways extremely small, whereas the waves of sound 
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vary fit)m a few inches to sevend i»et. The yarioiu 
miuical instruments, the human voice and that of ani- 
mals, the singing of birds, the hum of insects, the roar 
of the cataract, uie whistling of the wind, and the other 
nameless peculiarities of sound, show at once an infinite 
variety in the modes of atrial vibration, and the aston- 
ishing acuteness and delicacy of the ear, thus capable of 
appreciating the noinutest differences in the lavrs of 
molecular oscillation* 

All mere noises are occasioned by irregular impulses 
communicated to the ear, and if they be short, sudden, 
itnd repeated beyond a certain degree of quickness, the 
ear loses the intervals of silence and the sound appears 
continuous. StiU such .sounds vnll be mere noise : . in 
order to produce a musical sound, the impulses, and 
consequently the undulations of the air must be all ex- 
actly sin^ilar in duration and intensity, and must recur 
after exactiy equal intervals of time. If a blow be given 
to the nearest of a series oi broad, flat, and equidistant 
palisades set edgewise in a line direct from the ear, 
each palisade will repeat or echo the sound ; and these 
echoes returnins; to the ear at successive equal^ intervals 
of time will produce a musical hote. The quality of a 
musical, note depends upon the abruptness, and its in- 
tensity upon the violence uid extent of the original im- 
pulse. In the theory, of harmony the only property of 
Sound taken into consideration is the piteh, which varies 
with the rapidity of the vibrations. The gtave or low 
tones are produced by very slow, vibrations, which in- 
crease in frequency as the note becomes more acuta. 
Very deep tones are not heard by aU alike, and Dr. Wol- 
laston, who made a variety of experiments on the sense 
of hearing, found that many people though not at all 
deaf are quite insensible to the cry of the bat or the 
cricket, while to others it is painful]^ shrill. From his 
experiments he concluded tlmt human hearing is limited 
to about nine octaves,- extending from the lowest note of 
the organ to the highest known cry of insects ; and he 
observes with his usual originality that, ** as. there is 
nothing in the nature of the atmosphere to prevent the 
existence of vibndions incomparably more frequent than 
any of which we are conscious, we may imagine that 
i.2 r 
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animals like the GryHi» whose powers appear to com" 
mence neuiy where ours termiDjate, may ha.ve tiie fac- 
ulty of hearing stiiU sharper sounds which we do not 
know to exist, and that there may be ether insects hear- 
ing nothing in common with us, but endowed with a 
power of exciting, aad a sense Which perceives vibrations 
of the same nature indeed as those which constitute our 
ordinary sounds, but so remote tiiat the animals who 
perceive them may be said to possess another sense, 
agreeiiKg with our own solety in the medium by which 
it is excited. - 

M. Savart, so well known for the number and beauty 
of his researches in acoustics, has proved that a hig^ 
note of a given intensity being heard by some ears and. 
not by otliers, must not bo i^ittnbutod to ita pitchy but to 
its feebleuess. His experimontsj and those more re- 
cently made by Professor Wheatstone, shoWf that il' the 
pdses could be rendered Aufficienlly powerful, 1% would 
be difficult to fix a limit t^i hamnn b earing at either eDd 
of the scale. M. Savart had a wheel tnade about nine 
inches In diameter with 5fi() teeth set at equal disttuicea 
round its rim, so that while in psolion each tooth suc^ 
cessively hit on a piece of card. The tone incn^nsed in 
pitch witifcl the rapidity of tho rotation, and waa very 
pure wbQn the number of strokes did not exceed threa 
or four thoiisand in a seeond, but beyond that it became 
feeUe and indistinct. With a wheel of a la^fcr size a 
much higher tone could be obtained^ boeuu.so thtj teeth 
beings wider aplirt the blows were nif>re intense find 
more separated firom one another^ With 720 teeth on 
a wheel thirty-two inches in diameter, tiie sound pro- 
duced by 12^000 strokes in a second was audible, which 
corresponds to 24,000 vibrations of a musical chord* So 
that the human ear can appreciate a sound whic)i only 
lasts' the 24,000th part of a second. This note was dis- 
tinctly heard by M. Savart and by several people who 
were present, which convinced him that with another 
apparatus still xnore acute sounds might be rendered 
audible. 

For the deep tones M. Savart employed a tor qriron« 
two feet eight inches long, about two inches broad, and 
hidf an inch ia thickness, which revolved about its center 
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as if its arms -were the spokes of a wheels When such 
a machine rotates it impresses a motion on the ur. simi- 
lar to its own, and when a tiiih.boai!d or ^ard is hrbughl 
close to its extremities, the cnmnt of air is moment- 
arily interrupted at the instant each aim of'r'the bUr 
passes before t$ie card ; it is compressed above the card 
and dilated below ; but the instant the spoke has passed, 
a rush of air to' restore equihbrium nuikes a kmd of ex- 
plosion, and wheii these succeed each other rapid^, a 
inusical note is i^roduced of a pitch proportioB^ to tbe 
velocily.c^ the xevaiaikm. When M. Savart turned tlua 
bar slowly a sucoessbn of sin^e beats was heard; as 
the Telocity became greater the sound was only a ratde ; 
but as soon as it was sufficient to jgive eight beats in a 
secbndi a very deep musical note was dis&ctly audible, 
corresponding to sixteen sii^le vilMratibfis in a second, 
which is the lowest that has hitherto been produced. 
When the velocity of the bar was much increased ike 
intensity of the sound, was hardfy bearaUe. The sppkes 
of a revdlnng wheel produce the sensa^n of sound; on 
the very same {Hrinciple that a burning stick whirled 
round gives the in^qpression of a luminous circle. T^e 
vibrations excited in the orffoi of hearing by one beat 
have not ceased befiyre ancSher impulse is given. In- 
deed it is indispensable that the impressions made upon 
the auditory nerves should encroctch upon^^ch other in 
order to i»odace a fuU and continued note. On the 
wholes M. Savart has eome to the concision, that the 
most acute sounds would be heard with as much ease 
as thoKse of a lower pitdi, if the duration of the sensation 
produced by each pulse could be ^minished proportions 
ally to the «ugmentatk>n of. the number of pulses in a 
g^ven time : and on the contrary, if the duration of the 
sensidaon prod^oe4 by each pulse coidd.be increased in 
propcHrtion to then- numb^ in a given time, tfaiat the 
de^st tones would be as audible as any of the othera. 

The Velooily <^ sound is uniform and independent of 
the. nature, extent, and intensity of the primitive dis- 
turbance* Coosequentfy sounds- of eveiy quality^ aid 
pitch travel with ecjual speed. Tho'smallest difference 
in thcdr'velodty is incompatible eitlier with harmony or 
melody, for notes ot dilferent pitches and intensities 
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spunded together at a little distance, would arrive at the 
ear in different times. A rapid succession of notes, 
would in this eaise produce confusion and discord. But 
as the rapidity with which so^and is transmitted depends 
t^n the elasticity of the medium through which it has 
to pass, whatever tends to increase the elasticity of the 
air must also accelerate the motion of sound.^^ On that 
account its velocity is greater in warm than in cold 
weather, supposing the pressure of the atmosphere con- 
stant. In drjT air at the , freezing temperature, < sound 
travels at the rate-^of 1090 feet in a second, and for any * 
higher temperature one foot nmst be added for every 
degree of the thermometer above 32** ; hence at 62° of 
Fiduienheit its' speed in a second is 1120 feet, or 765 
miles an hour, which is about three-fourths of tlie diur- 
nal velocity of the earth's equator.' Since all the phe-: 
Domena of the transmission of sound are simple conse- 
quences of the physical properties of the air, tiiey have 
been predicted and computed r^rously by the laws of 
mechanics. It was found, however, that the velocity of 
sound detennined by observation, exceeded what it ought 
to have been theoretically l^ 173 feet, or about one-sixth 
of^e w&ole amount.' £& Place suggested that this dis- 
crepancy might arise from the increased elasticity of the ~ 
kjr in consequence of a development of latient heat (N. 
173) during the undulations of sound, and calculation, 
confirmed 3ie accuracy .of his views. The atrial mole- 
cules being suddenly compressed give out their latent 
hoat ; and as air is too bad a conductor to carry it rap- 
idly dff, it occasions a momentary and local rise of tem- 
perature 'which, increasing the elasticity of the air 
without: at the same tame increasing its iitertia, causes 
the movement to be propagated more rapidly ^ Analysis 
gives the true velocity of sound in terms of &ie elevation 
of temperature that Br mass of air is capable of commu- 
nicating to itself by the disengagement of its own latent 
heat when suddenly compressed in a given ratio. This 
change of temperature however could not, be obtained 
directly by any experiments' which had been made at 
thilt epoch ; but by invertingthe problem and assuming 
the velocity of sound as given by experiment, it was 
computed that the temperature of a, mass of air is raised 
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nine^tenths of a degree when the compression is equal 
to yfg- of its volume. 

probably all liquids are ^elastic, thbugh- considerable 
force is, required to compress them.. Water suffers a ^ 
condensation of nearly '.000104 96 for every atmosphei^e 
of pressure, and is consequently capable of conveying 
sound even ijaore rapidly than aur, the velocity in .the for- . 
mer being 4708 feet in a second. <A. person tinder water 
I. hears sounds made in air feebly, but those produced in 
Wfltej" very distinctly. According to the .experiments of 
M. CoDadoli, the sound of a beU was conveyed under 
water through the Lake of Geneva to the distance of 
about nine miles. He also perceived that the progress 
of sound through water is greatly impeded by the inter- 
positipn of any object, such as a projecting wall ; conse- 
quently sound under water resembles light in having a 
distinct shadow. It has much less in air, being trans- 
mitted all round buildings or other obstacles, so as to be 
heard in every direction, though often with a. consid- 
erable diminution of intensity, as when a carriage turns 
the corner of a street. 

The velocity of sound in passing through solids is in 
proportion to their hardness, and is much greater tJian 
in air or water. A sound which takes some time in trav- 
eling dirough the air passes almost instantaneously along 
a wire six hundred feet long; consequently it is heard 
twice — first as communicated by the wire and after- 
ward through the medium of the air. Tlbe facililgf 
with which the vibrations of sound are transmitted along 
the grain of a log of wood is well known. Indeed they 
pass through itoD, glass, and some kinds of wood, at the 
rate of 18,530 feet in a second. The velocity of sound 
is obstructed by a variety, of circumstances, such as fall- 
ing snow., fog, rain, or any other cause which disturbs 
the homogeneity of the medium through which it has 
to pass; M. de Humboldt says that it is on account i^^ 
the greater homogeneity of the atmosphere during the - 
night that sounds are then better heard thkn during the 
day, when its density is perpetually changing from pai!^ 
tial variations of temperature. His attention was caileci 
to this subject on the plain snrrounding the Mission of 
the Apures by the rushing noise of the great cataracts 
9 
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of the Oronoco, which seemed to be three times'as loud 
by night as by day. This he illustrated by experiment. 
A tall glass half full of champaigne cannot be made to 
ring as long as the effervescence lasts. Ih order to pro- 
duce a musical note the glass together with the liquid it 
contains must vibrate in unison as- a system, which it 
cannot do in consequence of the ^xed air rising through 
thft ^yine and disturbing its homogeneity, because the 
vibrations of the gets being much slower, than those of 
Jthe liquid the velocity of the sound is ptarpt^^turdij- intei-* 
rupted. For the same reason the transmission of sound 
as well as light is impeded in passing through an atmos- 
phere of variable density. Sir Jolm Herschel, in his 
Mtdmirable Treatiise on Sound, thug explains the phe- 
nomenon : — " It is obvious," he says, ** that sound as 
well as light must be obstructed, stifled, and dissipated 
from its original direction by the mixture of air of differ- 
ent temperatures j and consequently elasticities; and 
thus jthe same cause which produces that extreme 
transparency of tho air at night, which astronomers 
alone fully appreciate, renders it also more favorable to 
sound. There is no doubt, however,^ that the universal 
and dead silence, generally prevalent at night, renders 
our auditory nerves sensible to impressions which would 
otherwise escape notice. The analogy between sound 
and light is perfect in this as in so many other respects. 
In the general light of day the stars disappear. In tho 
continual huta of voices, which is always going on by 
day, and which 'reach us from all quarters and never 
leave the ear time to attain coniplete tranquillity, tho^e 
feeble sounds which catch our attention at night make 
no impression. The ear, like the eye, requires long 
and perfect repose to atrain its Titmost sensibility." 

Many instances maybe brought in proof of the Strength 
and clearness with which sound passes over the surges 
of water or ice. Lieutenant Foster was able to carry 
on a conversation across Fort Bowen harbor, when fro- 
zen, a distance of a mile and a half. 

The intensity of sound depends upon the extent of 
the excursions of the fluid molecules, on the energy of 
the transient condensations- and dilatations, and on the 
greater or less number of particles which experience 
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these effects. We. estimate, thaf intensity by the im- . 
petus of these fluid molecules. on our oirgans, which is 
eoDsequently as the square of the velocity, and not by 
their inertia, which is as the simple velocity. Were 
the latter the case there would be no sound, because the 
inertia of the receding waves of iSr would destroy the 
eqUal and- opposite inertia of .those advancing ; whence 
it may be concluded that the intensity of sound dimin- 
ishes inversely as the square of the ilistance from its 
' origin. In a tube, however, the force of sound does 
not decay as in open air, unless perhaps by friction 
against the sides. M. Biot found from a number of 
highly interesting experiments made on. the pipes of the 
aqueducts in JParis, that a continual conversation could 
be. carried on in tjhe-iowest possible whisper, through 
a cylindrical tube about 3120 feet long, the time of 
transnaission through that space being 2*7d; seconds. In 
mbst cases SQiind diverges in all directions so as to oc- 
cupy at any one time a spherical surface ; but Dr* Young 
has showa that' there are. exceptions, as for example 
when a flat surface vibrates only in one direction. The 
sound is then most intense when the ear is at right an- 
gles, to the surface, whereas it is scarcely audible in a 
direction, precisely perpendiculai* to its edge. In this 
case it is impossible that the whole of the surrounding 
air can be affected in the same manner, since the particles 
behind the sounding surface must be^ moving toward it, 
whenever tke particles before it arye retreating. Hence 
in one half of the surrounding sphere of air its motions 
are retrogade, while in the other half they >are direct ; 
consequently at the edges where these two portions 
meet, the motions of the air vnll neither be retrograde 
nor direct, and therefore it must be at rest. . 

It appears from theory as well as daily experience, 
that sound is capable'ofrefleetion from surfaces (N. 174) 
according to the same laws as light. ^ Indeed any one 
who has observed the rejection of the waves from a 
wall on the side of a river after the passage of a steam- 
boat, will have a perfect idea of the reflection of sound 
and of light. As every substance in nature is more or 
less elastic, it may he agitated according to its own law 
hy the impulse of a mass of undulating air ; and recip- 
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rocally the surface by its reaction ^11 communicate its 
undulations back again into ' ihe air., ; Such reflections 
produce echoes, and as a series of them may take place 
between two or more obstacles, each will -cause an echo ^ 
of the original sound, growing fainter and fainter till it 
~ dies^ away r because sound, like light, is weakened by 
reflection. Should the- reflecting surface be concave 
toward a person, the Sound will converge toward him 
with increased intensity, which. will be grefater still if 
the surface be spherical and concentric with him. ^Un- 
dulations of sound diverging from one focus of an ellip^ 
tical shell (N. 175) converge in the other after reflec- 
tion. Consecjuently a sound from the one will be heard 
in the other as if it were close to the ear. The rolling 
noise of thunder has been attributed to reverberation 
between different clouds, which may possibly, be the 
case to a certain extept. Sir John Herschel is of opin- 
ion, that an. intensely prolonged peal is probdbly owing 
to a combination of sounds because the velocity of eilec- . 
triqity being incomparably greater thain that of sound, 
liie fliunder may be regarded as originating in every 
.point of a flash of lightning at the same instant.' The 
iound from the nearest jpoiht will arrive first, and if the. 
flash run in a direct line from -a person, the noise will 
come later and later from the remote points of its path 
in a continued roar. Should the direction of tiie flash 
be inclined, the succession of sounds will be more rapid 
And intense, and if the lightning describe a circular curve 
round a person, the sound will arrive from every point 
at the same instant with a -stunning crash. In like 
manner the subternmean noises heard during eartii- 
quakes like distant thunder, may iarise from the conse- 
cutive arrival at the ear of undulations propagated at the 
same instant frona fearer and more remote points; or 
if they originate in the same point, the sound may 
come by different routes through strata of different den- 
sities. ^ ---- 

Sounds under water are heard very distinctly in the 
air immediately above ; but the intensity decays with 
great rapidity as the observer goes farther off, and is 
altogether inaudible at the distance of two or three 
hondred ytods. So that waves of sounds like those of 
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light, in passing from a dense to a rare medium, are D€>t 
only refraeted, but suffer total refleetion at v^iy oblique 
incidences (N. 184). 

The laws of interference extend also to sound. It, is 
clear that two equal and similar musical strings will be 
in unison, if they, communicate the same number of 
vibrations to the air in th& samo time. But if two such 
strings be so nearly in unison, that one perfprms a hun- 
dred vibrations in a second, and the other a hundred 
and one in the same period—curing the first few vibra- 
tions, the two resulting sounds will combine to form one 
of dbuble the intensity of either, because the atrial waves 
vnll sensibly coincide in time and place ; bi^t one will 
gradually gain on the other till at the fiftieth vibration it 
will be half an oscillation in advance. Then the waves 
of air which produce the sound being sensibly equal, but 
the receding part of the one coinciding with the advan*-^ 
cing part of the other, they will destroy one another and 
occasion an instant of silence. The sound will be re- 
newed immediately after, and will graduaUy increase 
till the hundredth ;;Vlbration, when the two waves will 
combine to produce a sound double the intensity of either. 
These intervals of silence and greatest intensity, called 
beats, will recur every sepond ; but if the notes differ 
much from one another the alternations will resemble a 
faXtXe ; and if the strings be in perfect unison there will 
be no beats, since there will be no interference. Thus, 
by interference is meant the coexistence of two undula- 
tions in which, the lengths of the waves' are the samjB. 
And as the magnitude of an undulation may be dimin- 
ished by the addition of another transmitted in the same 
direction, it follows tliat one undula.tion may be abso- : 
lutely destroyed by another when.waves of the same 
lengdi are transmitted in the same durectidn, provided 
that the tnaxtma of the undulations are equal, and that 
one follows the other by half the length of a wave-. .A 
tuning-fork pifords a good example of interference. 
When that instrument vibrates, its two branches alter- 
nately recede from and approach 6ne another ; each 
communicates its vibrations to the air, and a musical 
note is the consequence. If the fork be held upright, 
about a foot from the ear, and turned round its axis while 
M 
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vibrating, at every quarter revolution the sound will 
scarcely be heard, while at the inteiTnediate points it' 
Will ;be strong and clear. This phenomenon arises 
from thai'lnterference of the undulations of air coming 
from the two branches of the fork. When the two 
branches coincide, or when they are at equal distances 
from the ear, the v^ves of air combine to reinforce each 
other ; but at the quadrants,, where the two branches 
are at unequal distances from the ear, the lengths of the 
waves differ by half an undulfition, and consequently 
destroy one another. ~ 



Section XVII. 



Vibration of Musical String— Harmonio Sounds-^Nddea — Vibration of Air. 
in Wind Instrumentt^Vibration of Solids— Vibrating Plates—Bella^ 
Harmony — Sounding Board»^ForcedTi.brations— Resonance — Speaicing 
- Machines. "^ ^ 

When the. parades of elastic bodies are suddenly 
disturbed by an impulse, they return to their natural 
position by a series of isochronous vibrations, whose 
>rapidity, force, &n3 permanency depend upod the elas- 
ticity, the form; and the mode qf aggregation which 
unites the particles of the body. These oscillations are 
communicated ta the air, and ^n account of its elasticity 
they excite alternate condensations and dilat«ttions in 
the strata of the fluid nearest to the vibrating body: 
from thence they are propagated to a distance. A string 
01* wire, stretched 'between two pins, when drawn aside 
and suddenly let ^o, will vibrate till its own rigidity and 
the resistance of the feir reduce it to rest. These oscil* 
lations. may be rotatory in every plane, or confined to one 
plane, according as the motion is communicated. In thQ 
piano-forte, where the strings are struck by a hamnier 
iat one extremity, the vibrations probably consist of it 
bulge running to and fro from end to end. Different 
modes of vibration may be obtained from the same so- 
norous body. Suppose a vibrating string to give the 
lowest. C of- the piano-forte, whifeh is the fundamental 
note of the string ; if it be lightly touched exactly in the 
mwldle so as to retain that point at rest, each half will 



^. 
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then vibrate twice as fast as the whole^ but m opposite 
directioQs; the ventral or bulging flegOGidnts will be alter- 
nately above and below the natural position of the string, 
and die resulting note will be the octave above C* When 
a point at a third of the length of the string is kept at. 
re^t, the vibrations will be three times as fast as those, 
of the- whole string, and will give the twelfth above C. 
When the point of rest is one fourth of the whole, the 
oscillations viiil be ^ur times' as fast as those of the fun- 
damental note, and will give tl^ double octave ; apd so 
on. These- -acute sounds are called the harmonics of 
the fundamental note. It is clear from what has heen 
stated, that the string thus vibrating could not give these 
harmonics spontaneously tmless it divided itself at its 
aliquot parts into two, three, four, or more segments in 
opposite states of vibration separated by poin^ actually 
at rest. In proof of this, pieceis of paper placed on the 
string at the half, third, fourth, or other aliquot points 
according to the corresponding harmonic sound, will re- 
main on it during its vibration, 'but will instantly fly off 
from any of the intermediate pointk.- The points of 
rest called the nodal points of the string, are a mere 
consequence of the law of interferences. * For if a rope 
fastened at. one end be ^ moved to and fro at the other 
extremity so as to transmit a succession of equal waves 
along it, they will be successively Reflected when, they 
arrive at the other end of the rope by the fixed point, 
and in returning they will occasionally interfere with 
the advancing. waves ; and as these opposite undulations 
will at certain points destroy one another, the point of^ 
the rope in which this happens v^U remain at rest. 
Thus a series of nodes and ventral segments will be 
produced, whose number will depend upon the tension 
and the frequency of the alternate motions communi- 
cated to the movable end. $o when.a string .fixed at 
both ends is put in motion by a sudden blow at any point 
of it, the primitive impulse divides itself into two pulses 
running opposite ways, whioh are etich totally refiOcted 
at the extremities, and running back again along the 
whole length are again reitected at the other ends. And 
tkus they will continue to nin backward and forward, 
crossing one another at each traverse, and occasionally 
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interfering^ so as to produce nodes ; so that the motion 
of a string fastened at both ends consists of a wave or 
pulse, continually doubled back on itself by reflection at 
lije fixed extremities. ' 

^ Harmoaics generally coexist with the ftmdamental 
soiihd in the same vibrating body. If one of the lowest 
strings of the piano-forte be struck, aii attentive ear 
will not only hear the fundamenl^al note, but^will detect 
all the others sounding along with it, though with less 
and less intensity as then: pitch becomes higher.' Ac- 
cording to the law of coexisting undulations, the whole 
string and each of its aliquot parts are in different and 
in^lependent states of vibration at the same time ; and 
as all the resulting notes are heard simults^neously, not 
only the air but ^ the ear also vibrates in unisoju with, 
each at the same instant (N. 176). ' 

Harmony consists in ah . agreeable combination of 
sounds. When two chords perform their vibrations in 
the same time, they are in unison. But when their 
vibrations are so related as to have a common period 
after a few oscillations they {X'oduce coiicord. Thus 
when the vibrations of two strings bear a very simple 
relation to each other, as where one of them makes 
two, three, four, &c. vibrations' in the time the other 
makes one; or if it accomplishes three, four, 6cg, vibra- 
tions while the other makes two, the result is a concord 
which is tiie more perfect the shorter the common 
period. In discords, on the contraty, 'the beats are 
distinctly audible, which produces a disagreeable and 
harsh effect, because the vibrations do not bear a simple . 
relation to one another^ as where one of two springs 
makes eidit vibrations while the other accomplishes 
fifteen. The pleasure afforded by harmony is attributed 
by Dr. Young to the love of order, and to a predilection 
for a regular repistition of sensations iiatural to the 
human mind, which is gratified by the perfect regularity 
and rapid .recurrence of the vibrations. The love of 
poetry and dancing he conceives to arise in some degree 
from the rhythm of the one and the i*egularify of tlie 
motions in the other. ' 

A blast of air passing over the open end of a tube, as 
over tl^e reeds in Pan's pipes ; over a hole in one.sid^, 
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as in the flute; or through the aperture c^ed a reed 
with a flexible ton^e, as in the clarinet, puts the inter- 
nal coluran of air into longitudinar vibrations by the 
alternate condensations and rarefactions of its particles.. 
At the same time the column spontaneoueAy divides 
itself into nodes between which the air also vibrates 
longitudinally, but with a rapidity inversely proportional 
to the lengfli of the divisions, giving the fundamental 
note or one of its harmonicas. The nodes are produced 
on the pripciple of interferences by the Reflection of the 
longitudinal undulations of the air at the ends of the ' 
pipe, as in the musical string, only that in one case the 
undulations are longitudinal, and in the other transverse. 
' A pipe^ either open or shut at both ends when 
sounded vibrates entire, or divides itself spontaneously 
into two, three, four, &c. segments separated by nodes. 
The whole ^ column gives the fundamental note by 
waves or vibrations of the - sanie length with the pipe. 
The first harmonic is produced by waves half as long as 
the tube, the second haruionic by waves a third as long, 
and so on. The harmonic segments in ai^ open and 
shut pipe are the same in number, but differently 
placed. In a shut pipe the two ends arq nodes, but in 
an open pipe there is half a segment at each extremity, 
because the "air at these points is neither rarefied nor 
condensed, being in contact^ with that which is external* 
If one of the ends of the open pipe be closed, its fanda- 
mental note will be an octave lower, the air will now 
divide itself into three, fivb, seven, &c. segmentis ; and 
the wtfve producing its fundamental note will be twice 
as long as. the pipe, so that it will be doubled back 
(N. 177). All these notes may be produced separately, . 
by varying the intensity of the blast. Blowing steadily 
and gently, the fundamental note will sound ; when the 
force of file blast is increased, the note will all at once 
start up an octave ; when the intensity of the wind is 
augmented, the twelfth will be heard, and by continuing 
to increase the force of the blast the other harmonics 
may be obtained, but no force of wind will produce a 
note intermediate between these. The harmonics of a 
flute may be obtained in this manner, from the lowest 
C or D upward, without altering the fingering, merely 
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by inoreasmg the intensity of the blast, and altering the 
form of the lips, l^'ipes of the same dimensions, 
whether of lead, glass, or wood, give the same tone as to 
pitch under the same circumstances, 'which shows th^t 
the air alone produces the sound. ^ 

.Metal springs fastened tft one end, .when forcibly 
bent, endeavor to return, to rest "by a series of vibrations, 
which give .very pleasing tones, as in musfcal boxes. 
Various musical instruments, have recently been con- 
structed, consisting of metallic springs thrown into vibra- 
tion by a current oi air . Among the most perfect of these 
are^r. Wheatstone's Symphonion, Concertina, and Mo- 
lian Organ, instruments of different effects and capabilities, 
butjLll possessing considerable, e^^ecution and expression. 

The Syren is an ingenioi^s instriinient, devised by M. 
Cagniard de la Tour, for ascertaining the number of 
pulsations in a second corresppnding to each pitch : the 
notes are produced by jets of air passing through small 
apertures an*anged at regular distances, in -a cu'cle on 
the side of a box, before which, a disc revolves pierceijl 
with the same number of holes. Puririg a reyglutioii 
of the disc the cun*ents are altprnately intercepted and 
allowed to pass as ^any. times as there are apertures ir 
it, and a sound^is produced whose pitch depends on the 
velocity of rotation. 

A glass or metallic rod, when struck atone end,. or 
rubbed in the. direction of its length with a wet finger, 
vibrates longitudinally like a column of air, by. the alter- 
nate condensation and expansion of its constituent par- 
ticles, producing a clear and beautiful musical note of 
a high pitch, on account of the rapidjjty with which 
these subsrtapces transmit sound. Kods, surfaces^ and, 
in general, all undulating bodies, resolve themselves into 
nodes. But in surfaces, the parts which remain at rest 
during their vibrations are lines, which are curved or 
plane according to the substance, its form, and the mode* 
of vibration. . If a little iine dry sand be strewed over 
the surface, of a plate of glass or metal, and if undula- 
tions be excited by drawing the bow of a violin across 
its edge, it will emit a musical sound, Jand the sand 
will immediately arrange itself in the nodal lines, where 
alone it ^ill accumulate and remain at rest, because the 
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segments qf the surface on each side will be io different 
states of vibration, the one being elevated while the 
other is .depressed ; and as these, two motions naeet in 
the nodal hnes, they neutralize one another. These 
lines vary in form and position with the part where the 
bow is drawn across, and the point by which the Opiate 
is held. The motion of the sand shows In what direc- 
tion the vibmtions take place. If they be perpendicular, 
to thQ surface, the sand will be violently tossed up and 
down,, till it finds the points of rest. If they be tan- 
gential, the sand will only creep along the surface to 
5ie nodal lines. Sometimes the undulations are' oblique, 
or compounded of both the preceding. If a bow bo 
drawn across one of the angles of a square plate of glass 
or metal held firmly by the center, the sand Will ar- 
range itself in two straight lines parallel to the sides of 
the plate,, and^cro^sing in the center so as to divide it 
into four equal squares, whose motions will be contrary 
to each other. Two of the diagond squares will make 
their excursions on one side of the plate, w^iil© the' 
other two make their vibrations on tlie other side of it. 
This mode of vibration produces the lowest tone of th© 
]^ate (N. 178). If the plate be still held by the center, 
and the boW applied to the middle of one of the sides, 
the vibi*ations will be more rapid, and the tone will be a 
fifth higher than in. the preceding case ; now the sand 
wiU arrange itself fropi corner to corner, and will divide 
the plate into four equal triangles, each pair of which 
will make their excursions on opposite sides of the 
plate. . The nodal lines and pitcb vary not only with 
the point whei-e the bow is applied,- but with the point 
by which the plate is held, which being at rest, neces- 
sarily determines th« direction of one of the quiescent 
Knes. The. foriiis assumed by the saud in square 
plates are very numerous, corresponding to all the va- 
rious modes of vibration. The lines in circular plates 
are even more remarkable for their symmetry, and 
upon them the fortns assumed by the sand may be 
classed in three systems. The first is the diametrical 
system, in which the figures consist of diameters divid- 
ing the circumference &f the plate into equal parts, 
each qf which is in a differelit state of vibration from 
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those aajacent. . Two diameters, for example, crossing 
at right angles, divide the circumference into four equal 
pu-ts; three diameters .divide it into six equal parts; 
four divide it into eight, and so on. In a metallic plate,' 
these divisions ,may amouqt to thirty-six or forty. The 
next is the concentric system, where the sand arranges 
itself in circles, having the sanie center with the plate ; 
and the third is the^compound system, where the figures 
assumed by the sand are compouAded of the other two, 
producing very complicated and be'ipiutiful forms. Ga- 
lileo seems to have been the first to notice the points of 
rest and motion in the sounding-board of a musical 
instrument-; but to Chladni is due the whole discovery 
of the symmetrical forms of the nodal Imes in vibrating 
plates (N. 179). Professed Wheatstone has shown in 
a paper read before the Royal Society, in 1833, that all 
Chladni*s figures, and indeed all the nodal figures of 
vibrating surfaces, result from very simple modes of 
vibration, oscillating isochronously, and superposed up6n 
each other; the resulting figure varying with' the com- 
ponent modes of vibiration, thq number of the super-: 
positions, and- the angles at which they are superposed. 
Por example, if a square, plate be vibrating so as to make 
tlie sand j^rrange itself in straight lines parallel to one 
side of the plate, and if, in addition to this, such vibra- 
tions be excited as would have caused the sand to form 
in lines perpendicular to the first had' the pl^te been 
at -rest, the combined vibrations will make the sand form 
in lines from: corner to corner (N. 180). 

M. Savart^s experiments on the vibrations of flat^lass 
rulers are highly interesting. Let a lamina of glas^ 
27'"^6 long, 0*59 of an inch broad, 0*06 of an inch in 
thickness, be held by the edges in the middle, with its 
. flat surface horizontal. If this surface be strewed .with 
sand, and set in longitudinal vibration by rubbing its 
under surface with a wet cloth, the sand on the upper 
surface wUl arrange itself in lines parallel to the ends of 
the lamina, always in one or ofiier of two systems 
(N. 181). Although the same-one of the two systems 
will always be produced by the same plate of glass, yet 
among different plates of the preceding dimensions, even 
though cut from the same sheet side by side» one will 
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inyariably exhibit one system, and the other the other, 
without any yisible reason for the difference. Now if 
the positions of these quiescent lines be marke<d on the 
upper surface, and if the plate be turned so that the 
lower surface becomes the upper one, the sand being 
strewed, and vibrations .excited 83 before, the tiodal lines 
will still be parallel to the ends of the lamina, but their 
positions will be intermediate bet:|veen those of the 
upper surface (N. 182V Thus it appears that all. the 
motions of one half of the thickness of the lamina, or 
ruler, are exactly cpntrary to those of the corresponding 
points of the other half. If the thickness of the lamina 
be increased, the other dimensions remaining the same, 
the sound will not vary, but the number of nodal lines 
will be less. Wh6n the breadth of the lamina exceeds 
the 0'6 of an inch, the nodal lines become curved and are 
different on the two surfaces. A great variety of forms 
are produced by increasing the breadth and changing 
the form of the surfaces; but in all, it appears that the 
motions in one half of the thibkness are opposed to those 
in the ether half. 

M. Savart also found, by placing small paper rings 
round a cylindrical tube or. rod, so as to rest upon it at 
One point only, that when the tube or rod is continually 
turned on^its axis in the same direction, the rings slide 
along during the vibrations, till they come to a quiescent 
point, where they rest. By tracing these nodal lines he 
discovered that they twist in a spiral or corkscrew round 
rods and oylinders, makinig one or more turns according 
to the length; but at certain points, vaiying in number 
according to the mode of vibration of the rod, the screw 
stops, and recommences an the other side, though it is 
turned in a contrary direction ; that is, on one side it is 
aright-handed screw, on the other a left (N. 183). The 
nodal Hues in the interior surface of the tubes nxe per- 
fectly similar to those in the exterior, but. they occupy 
ii^termediate positions. If a small: ivory ball be put 
within the tube, it will follow these nodal lines when 
the tube is made to revolve on its axis. 

AH solids which ring when struck, such as bells, 
drinking glasses, gongs, &:c., have their shape momen- 
tarily and forcibly changed by th© blow, and from tboir 
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elasticity, or tendency to resume their natural form, a 
series of undulations t£^es plac;e, owing to the alternate 
condensations and rarefactions of the particles of solid 
matter. These have also their harmonic tones, and 
consequently nodes. Indeed generally, when a rigid 
system, of any form whatever vibrates either transverse- 
ly or Ipngitudinally, it divides itself into a certain number 
of parts, which ^erforni their vibrations without disturb- 
ing jone another. These parts are at every instant ia 
alternate states of undvilation ; and as the points or lines 
where they join paitake of both they remain at rest, 
because the opposing motions destroy one another. 

The ah*, notwithstanding its rarity, is capable of trans- 
mitting its undulations when in contact with a. body sus- 
ceptible of admitting and exciting them. It is thus that 
sjrmpathetic undulations are excited by a body vibrating 

.near insulated, tended strings, capable of following its 
undulations, either by vibrating entire, or by separating 

(themselves into their harmonic divisions. If two chords 
equally stretched, of which one is twice or three times 
longer than the other, be placed side by side, and if the 
shorter be sounded, its vibrations will be communicated 
by the air to the other, which will be thrown into such 
a state of vibration that it will be spontaneously divided 
into segments equal in length to the shorter stiing. 
When a tuning-fork receives a blow and is made to rest 
upon . a |)iano-forte during ^ its vibration,- every string 
which, either by its natural length or by its spontaneous 
subdivisions, is capable of executing corresponding vibra- 
tions, responds in a sympathetic note. Some one or 
other of the notes of ah^ organ are generally in unison 
with one ef the. panes or with the whole sash of a win- 
dow, which consequently resounds when these notes 
are~ sounded^ A peal of tJiunder has frequently the 
same effect. The sound of very large organ-pipes is 
generally inaudible till the airl)e set in motion by the 
undulations of some of the superior accords, and then 
its sound becoipes extremely energetic. Recurring vi- 
brations occeisiohally influence each otlier's periods. For 
example, twp adjacent organ-pipes neariy in unison, may 
force themselves into concord; and two clocks whose 
rates differed considerably when separate, have been 
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known to be&t together when fixed to the same wall, 
and one clock has.forced the penduhim of another into 
motion, when merely standing on the same stone pave- 
ment. These forced oscillations, which correspond in 
their periods with those of the exciting cause, are to he 
traced in every department of physical science. Several 
instances of them have already occurred in this work. 
Such are- the tides, which follow the sun and moon in all 
their motions and periods. The nutation of the eaith^s 
axis also, which corresponds with the period, and repre- 
sents the .motion of the nodes of the moon, is again 
reflected back to the moon, and may be traced in the 
nutation of the lunai* orbit. And lastly, the €u:celeration 
of the moon's mean motion represents the action of the 
planets on the earth reflected by the sun to the moon. 

In consequence of the &cility with which the air 
communicates undulations, all the phenomena of vibrat- 
ing plates may be exhibited by sand shewed on paper or 
parchment, stretched over a harmonica glass or large 
bell-shaped tumbler. In order to give due tension to 
the paper or vellum, it must be wetted, stretched over 
the glass, gummed round the edges, allowed to dry, and 
varnished over to prevent changes ix\ its tension from the 
humidity of the atmosphere. If a circular disc of glass 
be held concentrically over this apparatus, with its plane 
pa^llel to. the surface of the paper, and set in vibration 
by* drawing a bow across its edge, so as to make sand on 
its siirface take any of Chladni*s figures, the sand on the 
paper will assume the very same form, in consequence 
of the vibrations of the disc being communicated to the 
paper by the air. When the disc' is removed slowly in 
a horizontal direction, the forms on the paper will cor- 
respond with those on the disc, till the distance is too 
great for the air to convey the vibrations. If the disc 
while vibrating bB gradually more and more inclined to 
the horizon, the figures on the paper will vary by de- 
grees ; and when the ;vibrating disc is pei-pendicular to 
the horizon, the sand on the paper will form into straig^ht 
lines parallel to the surface of the disc, by creeping along it 
instead of dancing lip and down. If the disc be made to 
turn round its vertical diameter while vibrating, the nodal 
lines on the paper wUl rdvblve, and exactly follow the 
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motion of the disc. It appears from this experiment, 
that the motions of the atrial molecules in every part of 
a spherical wave, propagated from a vibrating body as a 
center, are parallel to each other, and not divergent like 
the radii of a circle. When a «low air is played on a 
flute near this apparatus, each note calls up a particular 
form in the sand, which the, next note effaces to estab- 
lish its own. The motion of the sand wijl even detect 
"Bounds that are inaudible. By the vibrations of sand on 
a drum-head the besieged have discovered the direction 
in which a counter-mine was working. " M. Savart, who 
made these beautiful experiments, eniployed this appa- 
ratus to discover nodal lines in masses of «dr. He found i 
that thd air of a room, wnen thrown into undulations by 
the continued sound of an organ-pipe, or by any other 
means, divides itself into masses separated by nodal 
curves of double curvature, such as spirals, On each sid& 
of which the air Is in opposite states of vibration. He 
even traced these quiescent lines going out at an open 
window, and for a considerable distance in the open air. 
The sand is violently agitated where tl^e unduktions of 
tiie air are greatest, and remains at rest in the nodal 
lines^ M. Savart observed, that when he moved his 
head away from a quiescent line toward the right tihe 
sound appeared' to come from the Jriglit, and when h^^ 
moved it toward the left the sound ieemc^ to come from' 
the left, because the molecules of air are in differop^ 
states of motion on each side of the quiescent line. 

A musical string gives a very feeble sound wKenvi', 
brating alone, on account of the small quantity of airlpit 
in motion. But when attached to a sounding-board, av 
in the harp and piano-forte, it communicates its undula- 
tions to that surface, and from thence \s^ every piaart of 
the instrument; so that the whole system vibrates jsor 
chronously, and by exposing an extensWe undulating'sur- 
face, which transmits its undulationfto a^ great mass of 
air, the sound is much reinforced.' Tfi© Intensity is 
greatest when the vibrations of the sti*ing or souuding 
body are perpendicular to the sounding-board, and least » 
whan they are in the same plane with it. JThek soundt" 
ing-board of the piano-forte is better disposed thaHthat . 
of any other stringed instrument, because the hammfiws 
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^ strike the strings; so as to make them vibrate at right 
angles to it. . In the guitar, on the contrary, they are 
struck obliquely, which renders the tone feeble, unless 
when the sides, which also act as a s0unding-board', are 
deep. Jt is evident that the sounding-board and the 
whol& instrument are agitated at once by all the super- 
posed vibi'ations excited by the simultaneous or consecu- 
tive notes that are sounded, each having its perfect effect 
independently of the rest. A soundihg-boardnot only 
reciprocates the different degrees^ of pitch, but all the 
nameless qualities of tone. This has been beautifully 
illustrated by Professor Wheatstone in a. series of exper- 
iments on the transmission through solid conductors of 
musical performances, from the harp, piano, violin, clar- 
inet, &c. He found that all the varieties o# pitch, qual- 
ity, ^and intensity, are perfectly transmitted with their 
relative gradations, and may be communicated through 
ponductjing wires or rods of very considerable length, to 
a. properly disposed* sounding-^board in a distant apart- 
ncient. The sounds of an entire orchestra may be trans- 
'mitted and reciprocated by connecting one end of a 
metallic rod with a sounding-board near tho orchestra, 
so placed as to resound to all the instruments, and the 
other end with the sounding-board of a harp, piano, or 
*gultpr, ina^-Tomote apartment. Professor Wheatstone 

, observes, " Thtt effect of this experiment is very jrfeas- 
im^ ; the sounds, indeed, haive so little intensity as scarcely 
. to be heard at a distance from the reciprocating instru- 
,ment; but on placing the ear close to it^ a diminutive 
bfOd is heard, in which all the instruments preserve 
their distinctive qualities, and the pianos and fortes, the 
crescendos and diminuendos, their relative contrasts. 
XJoinpared with an ordinary band heard at a distance 

, tbwigh the «lf, tli^e 'effect is as a landscape seen in min- 
iature, beauty through a concave lens, compared with 
the same scene fjewed by ordinary vision through a 
murky atmSspiwre." 

Every one ifi aware of the reinforcement of isound by 
th^' resonance of cavities. When singing or speaking 
ator th# apertui'e of a wide-mouthed vessel, the inten- 
sity «f some -one note in unisonwith the air In the cav- 
ity, is often augmented to a great degree. A.ny vessel 

..!«►♦ N 
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will resoanct if a bo4y vibrating the natural note of the 
cavity be placed opposite to its orifice, and be large 
enough to cover it; or at least to set a large portion of 
tie Mjacent air in motion. Fbr the Sound will be alter- 
nately reflected by the bottom of the cavity and the un- 
dulating body at its mouth. The first impulse, of tlii^ 
undulating substance will be reflected by the bottom of 
the cavity, and then- by the undulating body, in time to 
combine Wi|^ the second new impulse. This reinforced 
sound will also be* twice reflected in time to- conspire 
with the third new impulse ; afid as the same process 
wiU be repeated on eveiy new impulse, Wch V7i|i com-r 
bine with all its echoes to reinforce the sou^ikd pro- 
digiously. Professor Wheatstoue, to whose ingentiity : 
we "are indebted for .so much new and valuable informa- 
tion on the theory of sound, has given some very' striking 
instances of resonan<;e. If one of the branches of a vir , 
bratiDg tuning-fork be brought' near the embouchui^ 6^ ' 
a flute,, the lateral apertures Gff wlulh are stopped ^so as . 
to render it capable of producing the same sound as the 
fork, the feeble c^d scarcely -audible sound of (he fork 
will be augmented by the rich rescillance of the column 
of air within the flute, and the tone wiU be full and clear. 
The sound will be, found greatly to decrease by closing 
or opening another aperture ; for the alteration in^the * 
length of the column of air renders it no longer fit per-' 
fectly to reciprocate the sound of thefork. ThiB.experr 
iment may be made on a concert flute with a C tunin£•^ 
fork. But f Tofessor Wheatstone observes, that in this 
case it is generally necessary to finger the jflute for^^, 
because when blown into with the mouth the under-lip 
partly covers the embouchure, which renders the soui^d. 
about a semitone flatter than it would b& wfit'e the -em-* 
bouchure entirely uncovered. He h^s ako shown, hy 
the following experiment, that any one amof^g several 
simultaneous sounds may be rendered 'separately audible. 
If two bottles be selected, and tuned by filling them with 
such a quantity of water as. will fender them uni|onant 
With two tuning-forks which diifer in pitch, on brraging t 
both of the vibrating tuning-*Torks to the mfiHith^of each 
bottle alternately, in each case that sound only "wilf be 
heard which is reciprocated by the uhisotfantl^tle. 

• * .4- 
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Several attempts have been made to imitate the artic- 
ulation of the letters of the alphabet. About the year 
1779, MM. Kratzenstein of St. PetOTsburgb, and Kem- 
pelen, pf Vienna, constructed instruaients which artica-* 
lated many sietters, words, and even sentences. Mr. 
'JtVillis of Cambridge' has recently adapted cylindrical 
tubes to a reed, whose length can be varied at pleasure 
by sliding joint$. Upon drawing out d tube while a col- 
umn of air from the bellows of an organ is passing 
through it, the vowels are pronounc^ in the order^ i, e, 
a, o, u. On extending the tube they are repeated after 
a certain internal, in the inverted oi-der, u, o, a, e, t. Af-, 
ter another interval they are again obtained in the direct 
* oi'der^ and so on. When the pitch of the reed is very 
hi^, it is impossible to sound some of the vowels, which 
is in perfect'correspondenee with the human voice, fe- 
nuile dingers being unable to pronounce u and o in theh^ 
' hig^ notes. From the singular discoveries of M. Savart 
on the nature of ^e human voice, and the investiga- 
tions of Mr. WilUs on the mechanism of . the larynx, 
it piayj^e presumed that ultimately the utterance or 
proiiundation of nif)dern languages will be conveyed, 
not only to the eye but also to the. ear of posterity. 
Had the ancients possessed the means of transmitting 
such definite sounds, the civilized world would still have 
responded in sympathetic notes at the ^distance of many 
ages. 
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"ilisfraction— Agronomical Refraction and its Lavrs — Formation of Tables of 
Refraction— Terrestrial Refraction — ^Its Quantity — Instances of Extraor- 
dinary Reduction — Reflection — Instance* of Extraordinary Reflection — 
Less of Light by the Absorbing Power of the Atmosphere — ^Apparent 
Magfnitude of SflJA and Moon in the Horizon. 

Not only everything we hear but all we see is through 
the medium of the atmosphere. Without some knowl- 
ftdgelof its action upon light, it would be impossible to 
as06rtain tj^^e position of the heavenly bodied,. or even to 
^detenainiB the exact place of very distant objects upon 
the suxfkuie of the earth; for in consequence of .the re- 
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fractive power of the air, no distant object is seen in its 
trae position. '^ 

. All the oelestial bodies appear to })e more elevated 
th^n they really are ; because the rays of light, instead 
of moving through the atmosphere in straight lines, are 
continually inflected toward the earth. Light passing 
obliquely out of a Tare into a denser medium, as from 
vacuum into air, or from air into water, is bent or re- 
fracted from its course toward a perpendicular to that 
point of the denser surface where the light enters it 
(N. 184). In the same medium, the sine of the angle 
contained between the incident ray and the perpendic- 
ular is in a constant ratio to the sine of the -angle con- 
tained ^by the refracted ray and the same perpendicur 
lar ; but this ratio varies with the refracting medium. 
The denser the medium the more the ray is bept. 
The barometer shows that the density of the atmos- 
phere dect-eases as the height above the earth increases. 
Direct experiments prove that the refractive power of 
the air increases with its density. It follovvs therefqre 
that if the temperature be uniform, the refractive power 
of the air is greatest at the earth^s' ^urfacQ and dimin- 
ishes upward. 

A ray of light fi*om a celestial object faUing obliquely 
on this variable atmosphere, instead of being refracted 
at once from its course, id gradually more and more bent 
during, its passage through it so as ta move in a vertical 
curved line, in the same manner as if the atmosphere 
consisted of an infinite number of strata of different den- 
sities. The object i» seen in the direction of a tangent 
to that part of the curve which meets the. eye, conse- 
<juently the appiBirent altitude (N. 185) of the heavenljr 
bodies is always greater than their true altitude. . Owing 
to this circumstance, the stars are seen above the hori- 
zon after they- are set, and the day is lengthened from 
a part of the sun being visible, though he really is behind 
the rotundity of the earth. It Would be easy to de- 
terniine the direction of a ray of light through tlje at- 
mosphere if the law of tiie density were known ; but as 
this law is perpetually v&rying with the tamperatifre, 
the case 4s very, complicated. When rays pass perpen- * 
dicularly from one medium into another, they are not 
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bent; and experience shows, that in the sanoie stirface, 
though the sines of the angles of incidence and refrac- 
tion retain the same ratio, the refraetion increases with 
the obliquity of incidence (N. 184). Hence it appears 

' that the refraction is greatest at^ the horizon, and at the 
zenith there is none. But it is proved- that at all heights 
above ten degrees, refraction varies nearly as the tangent^ 
of the angular distance of the object from the zenith, 
and wholly depends upon the heiights of the barometer 
and thermoirieter. For the quantity of refraction at the 
same distance from the zenith varies nearly as the height 

"of the barometer, the temperature being constant ; and 
the effect of the variation of temperature is to diminish 
the quantity of refraction by about its 480th part for 
every degree in the rise of Fahrenheit's thermometer. 
Not much reliance can be placed on celestial observa- 
tions, within less than ten or twelve degrees of the 
horizon, on account of irregular variations in the' density 
of the air near the surface of the earth, which are 
sometimes the cause of very singular phenomena. The 
humidity of the air produces no sensible eifect on its 
refractive power. 

Bodies, whether luminous or not, are only visible by 
the rays which proceed from them. As the rays must 
pass through strata of different densities in comitog to us, 
it follows that with the exception of stars in the zenith^ 
no object either in or beyond our atmosphere is seen in 
its true place. But the deviation is so small in ordinary 
cases that it causes no inconvenience, though in astro- 
nomical and trigonometrical observations due allowance 
must be made for the effects of refraction. Dr^ Brad- 
ley's tables of refraction were formed by observing the 
zenith distances of the sun at his greatest declinations, 
and the zenith distances of the pole-star above and below 
the -pole. The sum of these four quantities is equal to 
180°, diminished by the sum of the four refractions, 
whence the sum of the four refractions was obtained ; 
and from the law of the variation of refraction determined 
by theory, he assigned the quantity due to each altitude 
.(N. 186). The mean horizpntal refraction is about 
35' 6", and at the height of forty-five degrees it is 58"' 36, 
Th^ effect of refraction upon the same star nbove and 
n2 
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below the pole was noticed by Alhazen^ a Saracen 
astronomer of Spain; in the ninth century, but its exis- 
tence was known to Ptolemy in the, second, thottgh he 
was ignorant of its quantity. 

The refraction of a terrestrial object is estimated dif- 
ferently from that; of a celestial body. It is measured 
by the angle contained between the tangent to the 

*curviiineal path of the ray where it meets tSe eye, and 
the straight line jou(iing the eye and the object (N. 187). 
Near the earth's surfiace the path of the ray may be 
aupposed to be circular ; and the angle at the center ef 
the earth corr^ponding to this path is called the hori- 
zontal angle. The quantity' of terrestrial relTraction is 
obtained by. measuring contemporaneously the elevation 
of the top of a mountain above a point in the plain at its 
biwe, and the depression of tliat point beiow the top of 
the mountain. The distance between these' two sta- 
tions is the chord of the horizont^d angle ; and it is easy 
to prove that double the refraction is equal to the 
horizontal angle, increased, by the difference between 
the apparent elevatioh and the apparent depression. 
Whence it appears that in the mean state of the abnos^ 
phereV the refraction is about the fiDurteenth part of the 
bsrizontal angle. . 

Some very singular appearances occur from the acci- 
dental expansion or condensation, of the strata of the 
atmosphere contiguous to the surfa(^e of the barth, by 

^whieh distant objects, instead of being elevated, are de- 
pressed. Sometimes beiug at once both elevated and 
depressed they appear double, one of the images being 
direct, and the other inverted. In consequence of the 
upper edges of the sun and moon b6ing less refracted 
than the lower, they oftea appear to be. oval when near 
the horizon. The looming also or elevation of coasts, 
mountains, and ships, when viewed across the sea, 
arises from unusual refji-action. A friend of the au- 
liior, while standing on the plains of Hindostan, saw 
the whole upper chain of the Himalaya mountains start 
into view, from a sudden change in the density of the 
air, occasioned by a heavy shower afber- a very long 
course of dry and hot weather., Single and double im- 
ages of objects at-«ea, arising from sudden changes of 
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temperature which are not so soon communicated to the 
water on accotlat of its density as to the air, occur 'more 
rarely and' are of shorter duration than similar appaar- 
ances on land. In 1818, Captain Scoresby, whose ob* 
servations on the phenomena oftfie polar seas arQ so 
valuable, recognized his father^s ship by its inverted 
Image in the air, although the vessel itself "was below 
the horizon. He afterward found that she- was seven- ' 
teen, miles beyond the horizon, and thirty milea distant. 
Two images are sometimes seen suspended in the air 
over a ship, one direct and the other inverted, with their 
topmasts or their hulls meeting, according as the in- 
verted image is above or below the direct image (N. 188). 
Dr. Wpllaston has proved that these appearances *are 
owing to.the refraction of the rays through media of 
different densities, by the very simple experiment' of 
looking along a red-hot poker at a distant object. Two 
images are seen, one direct and another inverted, in 
consequence of tHe change induced by the heat in the 
density of the adjacent air. He produced the same 
eifect by a saline or saccharine solution with water and 
spirit of wine "floating upon it (N. 189). 

"Many of the phenomena that have been ascribed to 
extraordinary refraction te^m to be occasioned by a 
partial or total reflecdon of the rays of light at the sur- 
fiices of strata of different densities (N. 184). It is well 
known that when light falls obliquely upon the external 
surface of a transparent medium, as on a plate of glass 
or stratum of air, one portion is reflected and the other 
transmitted. But when light falls very obliquely upk>n 
the internal surface, the whole is reflected and not a 
ray is transmitted. In aU case» the angles made by 
the incident and reflected rays with a perpendicular to 
the surface being eiqual, )As the' brightness of the re- 
flected' image depends on the qtiantity of light, those 
arising from total reflection must be by far the moist 
vivid. The > delusive appearance ^ of water,- so w^ 
known to African travelers and to the Arab of the des- 
ert as the Lake of the Gazelles, is ascribed to the re- 
flection which takes place between «trata of air of dif- 
ferent densities, owing to radiation of heat from the 
arid sandy plains. The mirage described by Captain 
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Mnndy in hia Journal of a ^ Tour m r India probably 
arises fi^m this cause. A deep precipitous valley he- 
]a^ us, at the bottom of which I had seen one or two 
miser&ble villages in the morning, bore in the evening a 
coniplete resemblance to a« beautiful Jake; the vapor 
which played the part of water ascending nearly half 
way up the s,ides of the vale, and on its bright surface^ 
trees and rocks being distinctly reflected. I had not^ 
been long contemplating this phenomenon, before a 
sudden storm came on and dropped a curtain of clouds 
over^ the scene." ~ ( . 

An occurrence which happened on the 18th of No- 
vember, 1804, was probably produced by reflection. 
Dr. Buchan, while yvatching the rising stin froifi the 
cliff about a mile to the east of Brighton, at tiio instant 
the solar disc enierged from the surface of the oceaui 
saw the cliff on which he was standing,- a^windmill^ his 
own figure and thatj of a friend, depicted immediately 
opposite: to him on the sea* This appearance lasted 
about ten minutes, till the^sun had risen nearly his own 
diameter above the sur&ce of the wave^. The whole 
then seemed to be elevated into the air and successively 
vanished. The rays of the sun fell upon the cliff at an 
incidence of 73° from the fiferpendiculiir, and the sea 
was covered with a dense fog many yards in, height 
which gradually receded before the rising sun. When 
extraordinary refraction takes place laterally, the strata 
of . variable; 4ensity are perpendicular to the horizon, 
and if combined with vertical refraction, the objects 
are magnified as when seen through a telescope. From 
this .caufle, on the 26th of Jiriy, 1798, the cliffs of 
France, fifty miles off, were .seen as distinctly from 
' Hastings as if they had been close at hand ; «nd even 
Dieppe was said to have been visible in the afternoon. 

The stratum of air in the horizon is so much thicker 
and more dense than the stratum in the vertical, that 
the sun^s light is diminished 1300 times in passing 
through it, which enables us jto look at him when setting 
without being dazzled. The loss of light and conse- 
quently of heat by the absorbing power of the atmos- 
phere, increases with the obliquity of incidence. Of 
ten thousaixd rays falling on its surface, 6123 arriy^ at a 
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> gpiyen point of the eartib if they fell perpendicularly ; 
7024 Arrive, if the angle of direction be nffytfegrees; 
2831, if it be seven degrees ; and only five rays viU 
. arrive through' a horizontal stratum. Since so great a 
quantity of l%ht is lost in passing through the atmos- 
.phere, many celestM objects may be altogether ini^sible 
Irom ^e plain, which may be' seen from elevated situ- 
ations. Diminished splendor, and the false estimate 
we make of distwce from the number of intervening 
objects, lead us to. suppose the sun and InoOn to be 
much larger when in the horizon than at any other al- 
titude, though their apparent diameters are then some- 
what less. Instead of the sudden transitions of .light 
and darkness, the reflective power of the air adorns na- 
ture ^th itie rosy and golden hues of the Aurora and 
twilight. Even when tho sun is eighteen degrees be-, 
low Sie horizon, a sufficient portion of light remains to 
show, that at the. height of ihiety miles it is still dense 
enough to reelect light. The atmosphere scatters^ the 
sun's rays, and gives all the beautiful tints and cheerful- 
ness of day. It transmits the blue light in . greatest 
abundance ; the higher we ascend, the sky assumes a 
deeper hue ; but in the expanse of space, the sun and 
stars must appear like IriUiant specks in profound 
blackness. 
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It is impossible thus to trace the path of a sunbeam 
through our atmosphere without feeKng a desire to 
know its nature, by what power it traverses the immen- 
sity of space, and the various modifications it undergoes 
at the stirfaces and in the interior of terrestrial sub- 
stances. '■ - 

Sir Isaac Newton vproved the compgund nature of - 
wtiite light as emitted from the sun, by passing a sun- 
beam through a glass prism (N. 190), which separating 
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the raya by refraction,, formed a spectrum or obfong 
image of the sun, consisting of seven colors, red, orange, 
yellow, green, blue, indigo, and violet ; of which flie 
red is this least retrangible and the violet the most. But 
when he reunited these seven rays by means of a lens, 
the compound beam became pure white as before. He 
insulated each colored ray ; and finding that it was. no 
longer capable of decomposition- by refraction, concluded 
that white light consists of seven kinds of homogeneous 
lig^t, and that to the same color the same refrangibility 
ever belongs, and to the same refrangibility the same 
color. Since the discovery of absorbent media, how- 
ever, it appears that this is not the constitution of tho 
solar spectrum. - 

We know of no substance that is either perfectly 
op^aque or perfectly transparent. Even gold may be 
beaten so thin as to b6 pervious to light. On the con- 
trary, the clearest crystal, the purest air or water, stops 
or ab80ii>s its rays.whisn transmitted, and gradually ex- 
tinguishes them as 1iiey penetrate to greater depths. 
On this account objects cannot be seen at the bottom of 
very deep Water, and many more stars are visible to the 
naked eye from the tops of mountains than from the 
valleys. The quantity of light that is incident on any 
transiparet^t sutetance is always greater than the sum of 
the reflected and refracted rays. A small quantity is 
irregularly reflected in all directions by the impenec- 
tions of^ the polish by which we are enabled to see the 
surface ; but a much greater p6rtion is absorl5ed by the 
body. Bbdies that reflect aU the rays appear white, 
those 'that absorb them all se6m black ; but most sub- 
stances, after decomposing the white light which falls 
upon them, reflect some colors and absorb the rest. A 
violet reflects the^ violet rays alone, land absorbs the 
others. Scarlet cloth absorbs almost all the colors ex- 
cept red. Yellow cloth reflects the yellow rays most 
abundantly, and bl^e cloth those that are blue. Con- 
sequently coloi" is not a property of matter, but arises 
from the action of matter upon light. Thus ^ a white 
riband reflects all the rays, but when dyed red the par- 
ticles of the silk acquire the property of reflecting the 
red. rays most abundantly and of absorbing the others. 
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Upon this property of unequal ah8oq>tu>n, the colon of 
transparent media depend. For they also receive their 
color from their power of stopping or absorbing some of 
the colors of white light and transmitting others. As 
for example, black and red inks, though equally homo- 
geneous, absorb- different kinds of rays ; and when ex- 
posed to the sun, they become heated in different de- 
grees ; while pure water seems to transmit all rays 
eqnaUy, and is not sensibly heated by the passing light 
of the sun. The rich dark light transmitted by a smalt- 
blue finger-glass is not a homogeneous color like the 
blue or indigo of the spectrum, but Is a mixture of all 
the colors of white light which the glass has not ab- 
sorbed. The colors absorbed are such as mixed with 
the bhie tint would form white light. When the spec- 
trum of seven colors is viewed through a thin plate of 
this glass they are all visible ; and when the plate is 
very thick, every color is absorbed between the extreme 
red and the extreme violet, the interval being perfectly 
black : but if the spectrum be viewed through a certain 
thickness of tiie glass intermediate between the two, it 
will be found that the middle of the red space, the whole 
of the orange, a great part of the green, a considerable 
part of the blue, a little of the indigo, ^nd »very little 
of the violet, vanish, being absorbed by the blue glass : 
and that the yellow rays occupy a larger space, cover- 
ing part of that former^ occupied by the orange on one 
side, and by the green on the other. So that the blue 
glass absorbs the red light, which when miked with the 
yellow constitutes orange ; and also absorbs the blue 
light, which when mixed with tha yellow forms the 
part of the green space next to the yeBow. Hence by 
absorption, green light is decomposed into yellow and 
blue, and orange light into yellow and red. Conse- 
quently the orange and green rays, though incapable of 
decomposition by refraction, can be resolved by absorp- 
tion, and actually consist of two different colors possess- 
ing the same degree of refrangibility. Diffei-ence of 
co^or, therefore, is not a test of difference of refrangi- 
bilityt and the conclusion deducecf by Newton is no 
longer admissible as a general truth. By this analysis 
of the spectrum^ not only with blue glass, but with a 
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variety of tiolared media, Sir David Brfi^stefi so justly 
' celebrated for his optical - discoveiies, has proved that 
the solar spectrum consists of three primary colors, red, 
yellow, and blue, each of which exists throughout its 
whole extent, but with different degrees of iiiftensity in 
different parts ; and that th@ superposition of th^se tiiree 
produces all the seven hues according as each primary 
color is. an excess or defect. Since a certain portion of 
red, yellow, and blue rays constitute wliite light, the 
color of any point of the spectrum may be considered 
as consisting of the predoniinating color at that point 
mixed witl^ white light. ' Consequently, by absorbings 
the excess of any color at any point oj" the spectrum 
above what is necessary to form white light, such white 
light will appear at thayt , point as never mortal eye 
•looked upon before this experiment, since it possesses 
the remarkable property of rei;naining the same after 
any number of refractions, and of being capable of de- 
cjonaposition by absorption alone. ' , 

in addition to. the seven colors of the Newtonian spec- 
trum. Sir John Herschel has discovered a set of very 
dark red rays beyond the red extremity of the spec- 
trum, which can only be seen when the eye is .defended 
from the glai^ of the other colors by a dark bine cobalt 
glass. He has also ibund that beyond the extreme 
violet there are visible rays of a kivender gray color, 
which may be seen by throwing the spectrum on a 
sheet of paper moistened by the carbonate of soda. 
The illuminating power, of the different rays of the spec- 
trum varies with the color. The most intense light is 
in the niean yellow ray. 

When the prism is very perfect and the.Tsunbeam 
small, so that the spectrum may he received on .a sheet 
of white paper in its utmost state of purity, it presents 
the appearance of a riband shaded with all the prismatic 
colors, having its breadth irregularly striped or siib^- 
vided by an indefinite number of dark, and sometimes 
black, lines. The greater number of these rayless lines 
are so extremely narrow that it is impossible to see 
,th^m in ordinary circun^stances. The best method is 
to receive the spectrum on the object glass of a tele- 
scope, so as to magnify them sufficiently to render them 
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visible. This «xperimeDt may also be made, but in an 
imperfect manner, by viewing a narrow s^t between two 
nearly closed window-8huttei:s through a: very excellent 
glass prism held close to the eye, with its refracting ' 
angle parallel to the line of light. The ray less lines in 
the red portion of the spectrum become most visible as 
the sun approaches the horizon, while those in the blue 
extremity are most- obvious in. the middle of the day. 
When tlie spectrum is formed by the sun*s rays, either 
direct or indirect — as from the sky, clouds, rainbow, nu)on, 
or planets — the black bands are always found to be in 
th& same parts of the spectrum, and under all circum- 
stances to maintain the same relative positions,, breadths,^ 
andnntensities. Similar dark lines are also seen in the 
light of the stars, in the electric light, and in the flame 
of combustible substances, though differently arranged, 
each' star and each flame having a system of dark lines 
peculiar to itself, which remains the. same under every 
circumstance. Dr. Wollaston and M. Fraunhofer of 
Munich discovered these lines deficient of rays inde- 
pendently of each other. M. Fraunhofer found that 
their number extends to nearly six hundred. There are 
bright lines in the solar spectrum which also maintain a 
fixed position. Among the diark lines, M. Fraunhofer 
selected seven of the most remarkable, and determined 
their distances so accurately, that they now form stand- 
ard and invarit^ble points of reference for measuring the 
•refractive powers of different .media on the rays of hght, 
which jrenders this department of optics as exact as any 
of the physical sciences. These lines are designated 
by the letters of the alphabet, beginning v^itb b, which 
is in the red near the end of the specjbnim ; cis farther 
advanced in the red; n is in the orange; e, in the 
green ; f, in the blue ; e, in the indigo ; and h, in the 
violet. By means of these fixed points^ M. Fraunhofer 
h«9 ascertained from prismatic observatioo the refrahgi- 
bility of seven of the pritioipal rays in each of ten differ- 
ent substances solid and liquid. T.he refraction increased 
in all from the red to the violet end of the spectrum ; 
but so irregularly for each ray and in each medium, that 
no law could be discovered. The rays that are wanting 
in the solar spectrum which occasion- the dark lines, 
O 
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. were supposed to be absorbed by the abnosphere of the 
sun. If they were absorbed hj the earth*« atmosf>herer 
the ver^ same rays would bQ wantang in the spectra 
from the light of the fixed oitars, which is not the case ; 
for it has already been stated that the position of thei 
dark lines is not the same in spectra from starlight and 
from the light of the sun. The solar rays reflected 
from the moon and planets would most likely be mod- 
ified also by their atmospheres, but they are not : for 
the dajL-k lines have precisely Che same positions in th6 
spectra, from thte direct and' reflected light of tl|e sun. 
Bttt^he annular eclipse which happenevcl on the 15th of 
May, 1836, afforded Professor Forbes the ftieans of 
proving that the dark lines in question- cannot be attrib> 
uted to the absorption of the solar atmosphere'; they 
were neither bronder nor more Hiumerpud in the. spec- 
trum formed during that phenomenon than tit any 6^eF 
time, though -the rays came only from the circumference « 
of the .su^s disc, and consequently had to traverse a 
greater .depth of his atmospnere. We are ^therefore 
still ignorant of the cause of these rayless bands. 

A sunbeam received on a screen, after passing through . 
a small round hole in a window-shutter, appears*^ hke a 
round white spot ; but when a ^ism is interposed, the 
beam no longer occupies the same space. It is gepara- 
ted into the prismatic colors, atid spread over a line 6f 
i^oQsiderable length, while its breadtib remains the sanaie 
with that of the white spot. The act of :#preading or*" 
separation is called the dispersion of the colored rays. 
Dispersion always takes place in the plane of refraction, 

. and is greater as the angle of incidence i» greAer^ It 
varips inversely as the length of a wave of light, and 
directly as its velocity: hence toward tjie blue end of 
the spectrum, where the. undulations of the rays are 
least, the disi)ersion is greatest. Substances have vei^ 
difierent dispersive powers; that is te^ say the spectra 
formed by two equal prisms pf different substances under 
precisely the same circumstances, are of different 
lengths. Thus, if a prism of .flint ^la^s^nd one of ft-own 
glass of equal refracting angles be presented to two rays 
of white light at equal angles, it will b^ found, that the 
space over which the colored rays ^re dispersed by the 
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flint g|fi9s is math greater than the space occupied by 
that produced by the crown glass ; and qj9 the quantity 
of dlsper^iou depends upon,&e redacting an^e of the 
prism, the angles of the two prisms may be made such^ 
that when the prisms are placed close together wi^h thair 
edges turned opposite ways, they "will exactly oppose 
each other's action, and will refract the ccrioreil rays 
equally but in conti'ary directions, so tl^at an exact oom- 
piehsation lyill be effected, and the light wilLbe refracted 
"^thout color (N. 191). , The achromatic telescope is 
constructed on this principle. It consists of a tube with 
an object glass gr lens -at one end to bring the rays to a 
focus. and form an image, of. the' distant object, and a 
minifying glass at the other end to view the image 
thus formed.: Now it i& found that the object-gla^s, 
instead of midiing the rays converge to one point, dis- 
perses them, and gives a confused and colored image : 
but by constnicting it of two lenses in contact, one of 
flint and the other of crown glass of certain forms and 
proportion's, Ahe dispersion is counteracted, and, a per- 
fectly well defined and colorless image of the obiect is 
formed (N. 192). It was thought to be impossible to 
produce refraction without color^ till Mr. Hall, a gentle- 
man of Worcestershire, constructed a telescope on this 
princi^e in the year 1733; and twenty-five years after- 
ward, me achromatic telescope was brought to perfec- 
.|j^n by Mr. Dollond, a celebrated optician in London. 

A perfectly homogeneous color i^ very rarely to be 
found, but, t^e tints of all substances are most brilliant 
when viewed in light of their owfi color. The red of a 
wafer is much more vivid in red than in white light ; 
whereas if placed in homogeneous yellow light, it can 
no longer appear red, because there is not a ray of red 
in the yellow light. Were it not that the wafer, like all 
other bodies, whether colored or not, reflects white light 
at its outer surface, it would appear s^^olutely black 
when placed in yellow light. 

After looking steadily for a short time at a colored 
objedk, such as ^ red wafer, ^n turning the eyes to a 
white substance, a green image of the wafer appears, 
which is caUed Ibe accidental color of red. Ail tints , 
have their accidental colors :-^thus the accidental color 
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jof orange is blue ; that of yellow is indigo ; of green, 
reddish-white; of blue, orange-red; of violet, yellow; 
and of white, black ; and tice tersd. Wlien the direct 
and ac<|idental colors are of the saipe intensity, the acci- 
dental is then "called the ^omplenjentary color, because 
any two colors are said to be complementary to one an- 
other which produce white when combined. 

From recent experiments by M. Plateau of Brussels, 
it appears that tv^ complementary colors from direct 
impression, which would produce white when combined, 
produce black, or extinguish one another 'by^heir union, 
when acddental ; and^also that the combination of all the 
tints of the solar spectrvim produces white light if they 
be from a direct impressien on the eye, whereas black- 
ness fesults from a union of the same tints if they be 
accidental ; and in every case where the real colors pro- 
duce white by their combination, the adfetdental colors 
of the same tints produce black. AVlien the image of 
an object, is impressed on the retina only for « few mo--- 
ments, the picture left is exactly of the same color with 
the object, but in an extremely short time the picture 
is Succeeded by the accidental image. M. Plateau at- 
tributes this phenomenpn to a reaction of the retina after 
being excited by direct vision, so that the accidental im- 
pression is of an opposite nature to the corresponding 
direct impression. He conceives, that when the eye is 
«xcited by being'fixedjbr a time on a colored object, and 
then withdrawn from the - excitement, that it, endeavors 
_to return to its state of repose, but in so- doing that it 
passes this point and spontaneously assumes an opposite 
condition, like a spring, which, bent in one direction, in 
returning to its state of rest bends as much the contrary 
way. The accidental image thus results from a partic- 
ular modification of the organ of sight, iti virtue of which 
it spontaneously gives us a new sensation after it has 
been excited by direct vision. If the prevailing impres- 
sion be a veiy strong white light, its accidental ima^e is 
not black, but a variety of colors in succession. Accord- 
ing to M. Plateau, the retina offers a resistance to the 
action of light, which' increases with the duratiqn. of this 
action ; whence, after looking intently at an object for a 
long time^ it appears to decrease in brilliancy. The im- 
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agination has a powei'ful influenee on our optical impres- 
sions, and has been known to revive the iniages of highly: 
luminous objects months, aiid even years, afterward. 



Section XX. 



laterfereoce of Light—Undiilatoly Theory ef Li^t— Propagation d[ Light 
— Newton's Rings — Measurement of the Length df the Waves of Light, 
and of the Frequency of the Vibrations of Ether for each Color— New- 
ton's Scale of Colon — Diffraction of Light — Sir John Herschel's Theory 
of the Absprption- of Light — ^Refractitm and Reflection oif iSght. 

Newton and most of tiis immediate successors imag- 
ined light to be a'mateiial substance, emitted by all seS*- 
l^minou^ bodies in extremely minute particles, moving 
in strai^t lines with prodigious velocity, which, by im- 
pinging upon^e optic nerves, produce the sensation of 
hght. Many of the observed phenomena have been ex- 
plained by this theory ; it is, however, totally inadequfite 
to account for the following circumstance^ 

When two equal rays of red light, proceeding from 
two luminous^ points, fall upon a sheet of white paper in 
a dark room, they produce a red spot on it, which will 
be twice as bright as either |*ay would produce singly, 
provided the difference in the lengths of the tw<p'l)eams, 
from the luminous points to the red spot on the paper, 
be exactly the 0*0000258th partof tin inch. The same 
effect wiU take placb if the difSeqr^<^e in th^ lengths be 
twice, three times, four tiiines, &c. that quantity. But 
if the di^erence in the lengths of the two rays be equal 
to one-half of the 0*0d00258th part of an inch, or to its 
1|, 2^, 3|t &cc: part, the one light will entirely extinguish 
the otherj^ and will produce absolute darkness on the 
paper where the united beams fall. If the diiference 
in tha» lengths of their paths be equal to the 1^, 2j^, 3|, 
&c. of the 0^0000258th part of an: inch, the red spot 
arising from the combined beams 'will be of the same 
intensity which one alone would produce. \i violet light 
be employed, thd difference in the lengths of t^e two 
beams must be equal to th^ 0* 0000157th part of an inch 
in order to, produce the same phenomena ; and for the 
other colors, the difference must be intermediate be- 
ll 0% 
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tween the 0'0000258th aod tbe 0*0a00157tk put of an 
inch. ' Similar phetioniena may be jseen by viewing the 
mxsxe of a candle through' two very fine slits in a ca^ 
extremely neAr to ope another (N. 193) ; or by admitting 
the sun's light into a dark room through a pin-hole aboyt 
th^ fortieth of an inch in diameter, j^eceiving the image 
on^ sheet of white paper, and holding a slender wire in 
the Tight. Its shadow w^ be^und to consist of a bright 
white barvor stripein the middle, with a seirie^ of alter-^ 
nate black £(nd brightly colored stripes on e^ch side. The 
rays which bend round the ^wire in two streams are of 
equal lengths in the middle stripe ; it is consequently 
doubly bright from theiv combihed effect ; but the rays 
which fall on the paper on ench side ot^the bright stripe, 
b.eing of such unequal leng^ as to destroy one another^ 
forln black lines. On each side of these black lines th» 
rays are again Of such lengths as to <^mbine to,ferita bright 
stripes, ^LoA so Op alternatejiy till the li^ is too faint to' h0 
visible. Wh,en any homogeneous li^t is used; such f^ 
red, the alternations are only black and red ; but qii acr 
^unt of the net^rogelieous nature of white light, the 
black lines alternate with viyid stripes or fringes of pria* 
matic colors, arising from ^e superposition of systems 
of alternate black lines and lines. of each homogeneous 
cpk)r* . That the alternation of black lines and colored 
fringes actually does arise from the^mixtiire of ^ the |wo 
streams of light w^ich flow round the wire, is pdroved by 
their vanishing the instant on« of the streams is intertf 
rupted. It may therefore . be concluded, as ^often as 
these stripes of light and darkness occur, that they are 
owing to the rays con^bining at certain intervals' to pro-r 
duce a joint effect, and at others to extinguish one 
another. NoW it is contrary to all our ideas of mattet 
to suppese th|it two particles of it should annihilate one^ 
another under any circumstances whatever ; wllUe on 
ikl» contrary* two opposing motions may, and it is ini* 
possible not to be struck with the perfect similarity be- 
tween the interferences of small undulations of aii* or of 
watervlfend the preceding, phenomena. The analogy is 
indeed sa perfect, that philosophers of the highest &u* 
^Qril:^ concur in tiie supp^osition that the celestiSi. regions . 
are iOed with, an . extreme^ rar^ uapondoraUei' and 
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high^ elastic mediutn or ether,> whose paiticles^re ca^ 
pable of recehing the Tibradons comiiiiiiiicate4 to them^ 
by 8e]f-laHi^ous bodies, sknd of tranamittiiiff them to the 
optic- nerves, so as to produce the sensatioir of Ught. 
The acceleration in\he mean motioa of Encke's comet, 
atf well as of the comet discoyerdd by M . Bieia, renders 
the existence of such a medinm almost certain. It is 
clear that in this hypothesis, the alternate stripes of 
light and darkness are entirely the effect of the interfe- 
rence of the undttlatiops ; for by actnal measurement, 
the length of a wave of the mean red rays of the solar 
spectrum is equal to the 0-0000258th part of an. inch; 
coqsequently, when the elevation of the waves combine, 
they produce dovble the intensity of hght that each 
would do singly ; and when half a wave combines with 
«,wh(^,— ^that is, when the holkiw of one wav6 is filled 
up by the elevation of another,- darkness is the restdt. 
At intermediate points between these extremes, the in- 
tensify of the light corr^ponds to intermediate differ- 
ences in the lengths of the rays. .. :^ 

The theory of interferences is a par^ular case of the 
general mechanical law of tiie superposition of small 
motions ; whence it a[q>earB that the disturbance of a 
-particle of an elastic medium; produced by two coexis- 
teot Undulations, bthe sum of the disturbances which 
each undulation would produce s^oarately; conse- 
quently, the particle will move in the aiagonal of a par- 
aUeiogram, i^ose sides are the two undnlati4l3s., If, 
therefor9, the two undulations a^ree in direction, or 
nearly so, the resulting motion wiU^ be very nearly equal 
to their sum, and in the same direction : if they nearly 
oppose one another, die resulting motion will be nearly 
equal to their diffei^nce ; and if &e undulations be\ equal 
and opposite, the resultant will be zero, and the particle 
will remain at rest. , ' > 

The preceding exp<6riraents, and the lii£br6nces d^ 
duced from them, which have led to the eAtablishmeiit 
•of the (^trine.of the undulations of light, are the most 
splendid memorials of our illttstrious countryimm Br. 
Thomas Young, though Huygens was the first to origi- 
nate the idea. 

It is supposed that the particles of luminous bodiea 
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ere in a state of perpetual agitation/ and that they pes- 
* - sess the property of exciting regular yibratlons in the 

« ediereal medium, cbrre^onding to the vibrations of their 

own moiecufes ; and that, on account of its elastic nature; 
one particle of the ether when set in* motion communi- 
cates its yitarations to liM)se adjacent, which in succession 
transmit them to those farther off ; so that the primi- 
tive impulse is transferred from' particle to particle, and 
the ondulating motion darts throu^ ether like a wave 
in water. Although the progressive motion of light is 
known by experience to be uniform and in a straight 
line, the vibrations of the particles are always at right 
angles to the dhrection of the ray. The propagation of 
light is, like the spreading of waves in water ; but if one 
ray alone be considered, its motion maybe conceived by 
supposing a rope of indefinite length stretched horizon- 
tidly, one end of which is held in the hand. If it be 
agitated to and fro at regular intervals, with a motioii 
perpendicular to its length, a series of similar and equal 
tremors or waves will be propagated ak>ng it ; and if the 
regular impulses be given In a variety of planes, as iip 
} « and down, from' right to left, and also in oblique dn-ec- 

f tions, the successive undulations wiU take place in every 

r' possible plane. An analogous motion in the ether, 

when communicated to the optic netves, would produce 
I the sensation of comlnon light. It is evident that the 

> waves which flow from end tp end of the cord in a ser- 

pentine form, are altogether different from the perpen- 
dicular vibrat(H*y motion of each particle of the rope, 
which never deviates far from a state of rest. So in 
'Other, eadi particle vibrates perpendicularly' to the di- 
rection of the ray ; but these vibrations %re totally dif- 
^ ferent from, and independent of, the undulations which 
iffe traosmitted through it, ib the same manner as the 
vibrations of each particular ear of com are independent 
of the wave§i that rush from end to end oPa harvest field 
when agitated by the wind. 

The intensity of light depends upon the amplitude or 
extent of the vibrations of die particles of ether ; while 
its color depends upon their frequency. Thte time of 
the vibration of a pat-ticle of ether is by theory, as the 
length of a wave directly, and inversely as its velocity. 
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Now, as the velocity of light It known to b6 190,000 
miles in a second, if the length of the waves of the dif- 
ferent colored irays could be nflieasiir'ed, the ttumber of 
^Hbrations in a second corresppnding to eftch 6oiild be 
computed; that has been acicomplished as follows: — 
All transparent substmiices of a eeptain thickness,' with 
parallel surfaces, reflect and transmit white light ; but 
if they be extremely thin, both the reflected and trans- 
mitted light is colored. The vivid hu^s on soap-bubbles, 
the kidescent colors produced^/by heat on polished steel 
and copper* the fringes of color between the laminae of 
Iceland spar and sulphate of lime, all consist of a suc- 
cession of hues disposed in the same order, totally inde- 
pendent of the( color of the substance, and deterniiined 
solely by its ^eater or less thickness, a circumstance 
which afibrds the means of ascertaining the length of 
the waves of each colored ray, and the frequency of the 
vibrations of the particles producing them. If a plate of 
glass be laid upon a lens of almost imperceptible curva- 
ture, before an open Window ; when -they are pressed to- 
gether a black spot will be seen in die point of contact, 
surrounded by seven rings of vivid colors, all differing- 
from one ano&^r (N. 194). , In the first ring, estimated 
from the black spot, the colors succeed each other iti the 
following order :>^black, very faiiit blue, brilliant white, 
yelloWf orange, and red. They are quite different in 
the other rings, and in the seventh the only colors are 
pale bhiish-green and very pale pink. That these rings 
are formed between the two surfaces in apparent con- 
tact may be proved by laying, a prism on the lens, in- 
stead of the plate of glass, and viewing the rings through 
the inclined side of it that is next to the eye, which arr 
^rangemoot prevents the lig^it reflected from the upper 
surface "inixing with that from the surfaces in contact, so 
that the intervals between the: rings appear perfectly 
b]ack^r-*-one of the strongest circumstance^ iti favor of 
the un^ulatory theory ; tor al&ough the phenomena of 
the ri|igs can be explained by either hypothesis, there 
is this material difference, that according to the undu- 
latory theory, the intervals between the rings ought to 
he absolutely l^lack,' which is confirmed by experiment,; 
whereas by the' doctrine of emanation they ought to be 
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' half illuminated, which is not found to be the case. ^ M. 

Fresnel, whose opinioa \a oi the first Authority v thought 

^ this test conclusive. . It may therefore be concluded l£at 

^ the rings arise entirely fronr the interference of &e 

rays : the light reflected from each of the surfeices in 

t apparent contact reaches the eye by paths of different 

lengths, and produces colored and dark rings alternately, 

[ according as the rejected waves coincide or destroy one 

another. The breadths of the rings are unequal ; they 
decrease in width, and the colord become more crowded, 
as they recede from the center. Colored ringehare also 
produced by transmitting^ light through tho same ap^ 
paratus ; but the colors are less vivid, and are comple* 

I mentary to those reflected, consequently the central spot 

is white. ^ 

The size of the rings increases with the obliquity of 
the c incident light; the same color requiring a greater 
thickness or space between the glasses to^iroduce it than 
when the light falls perpendicularly upon them. Now 
-if the apparatus be placed in homogeneous instead of 
white light, the rings will aU be of the same cfAor with 
that of £e light employed. T$at is 16 say, if the light 
be red, the rings will be red divided by black intervals. 
The size of the rings varies with the color of Ihb light. 
They are largest in red, and decrease in magnitude with 
the succeeding prismatic colors, being smalfost in violet 

1^ light. ... 

. Since one o£.\he glasses is plane and the other spheri- 

/ cal, it, is evident that from the point of contact, the space 

between them gradually increases in thickness all round; 
so that a certain thickness of^air corresponds to each 
color, which in the unduktory system measures the length 
of the wave producing it (N. 195). By actual measure- 
ment, Sir Isaac Newton found thai; the squares of the di- 
ameters of the brightest part of each ring are as the tidd 

f numbers, 1, 3, 5, 7, &p. ; an4 that the squares of 'the diam- 

eters of the darkest parts are as the even numbers, 0,2^ 4, 
6^ &c.. Consequently the intervals betw^een the glasses 
at these) ppin|;s are in the same prc^rtion. Ify then, 

i the tiiickness of the air corresponding to ai^ one color 

* could be found, its thickness for all the others wduld be 

kno^Y°* Npw as Sir Isaac Newton knew the ndins of 

^ ■ 

t 
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<!uiTi^tare of the lens, ftod the tictua] breadth ef the 
rings in parts of an inch, it was easy to compute that 
the thickness of «ur at the darkest part of the first ring 
is the Tnrvinr P*^ ^^ "^ inch, whence all the others have 
been dednced. As these intervitls determine the length ' 
of the waves on the undtdatory hypothesis, it appears 
that the length of a wave of the extreme red of the 
solar spectmnei is equal to the 0^0000266th part of an ^ 
inch ; thai the leiigth of a wave of the extreme violet is 
equal to tiie 0*00001 67th part of an inch ; and as thd ~ 
time of a vibration of a particle of ether producing any 
paiti6ular eok>r is directty as the length of a wave of that 
oolor, and inversely as the velocity of light, it follows 
tii&at the molecules of ether producing the extreme red 
of the solar spectrum . perform 458 millions of millions 
of vibrations in a second ; and that those producing the 
ettreme violet acconiplish 727. millioeis of millions of 
vibrations in the same time. The lengths of the ^aves 
of the interinfidiate colors, and the number of their 
iribrations, being intermediate between these two, white 
Kght, Which eonsists of all the cblors, is consequently 
A mijtture of waves of all lengths between the tunits of 
tiie eiptrem^.red and yiolet. The detenhination of these 
minute portions of time and space, both of which have 
a real existence, being the acttial results of measure- 
ment, do as much honor to tbe genius of Newtdi^ ek • 
that of the law of gravitation. 

The phenomenon of ^e colored rings takes place in 
teumo as weU ad in air ; which proves that it is the dis- 
tfmce between the lenses alone, and not the air, which 
producei the cotors. However, if Water or oil be put 
between them, the rings contract, but no othisr change 
ensues; and Newton found that the -thickness of differ- 
ent mediia at which a given tintis seen, is in the invense 
ratio of their refractive indices, so that the thickness of 
laminsB which could not otherwise be measured, may be 
known by their color; and as the position of the colors 
in tiie rings is invariable, they form a fixed stand&rd of 
comparison well known^ as Newton's scale of colors ; 
each tiat being estimated according to the ring (to which 
it belongs f)K>m the central spot inclusively. !Not' onjjr 
the periodical colors which have been described, but the 
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t;r<i^h^y df/>i^ m Uf^ja it, fo that the c^vkt yimri 
t(4j//j^^AfY(^ tim vtuA mXfft^*: arid tft^ kaes. Waoi 
t}i^ li^it M borrj^>j^«rri^ia«. red, i«r exuii|]^, the 
Kr« itht^msiU^ red sumI bbick, ajoi more be 
t^ff brtiitMi wiuiem with the eokir. beinc bniBdeai m red 
li^/t Hfid nsurrffw*^ m riokrt. Tbe unu of the» co*ived 
fnn'^^ from wtijte ii^ht, and dieir obiitcratioii after tbe 
M4fftfifiU fmf^ firwk> from the soperpositktt €>t tbe di^NBr- 
i^rjt N#;t« #if fringe* of all the colored rays. The shadows 
</f tAt]iu^ are aUo U/rdered by colwcd frizes when 
\\t*M ift t}nM wbrid^ beam of li^^ U sbe ed^ of a 
khiUi or a liair, firir example, be held ki it. the rays, in- 
uUttul of itrtH'Atisdmg in «traight lines past its ed^ are 
b<^rit w^ieii quite clo»e to it, and proceed finom theace to 
i\ih HcratiH Jii carved lines called b^rperfoolas ; so tfaaUhe 
ithfuUm of tlie object is enlarged ; and inst^d of being 
at once bfjunded by li^t, is surrounded .or edged with 
cjfUtnul fringoM alternating with black bands, which are 
iriore dbtinct the smaller the pm-hole (N. 19?^,. The 
frUiaan are altogether independent of the form or density 
of iUQ objeat, being the same when it is round or pointed. 
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t^hen of glass or platina. When the rays which form 
the €(mges arrive at th^ screen, they are of different' 
lengths, in consequence of the curved path they follow 
after passing the edge of the object. The Waves a^e 
therefore in different phases or states of Vibration, and 
either conspire to form colored fringes or destroy one 
another in the obscure intervals. The colored innges 
bordering, the sh«Ldows of objects were first described by 
Grimaldi in 1665; -but besides these he noticed that 
there are others within the shadows of slender bedies 
exposed to a small sunbeam, a phenomenon Which hasr 
already beep mentioned to have afforded Dr. Young the 
means of proving beyond all controversy, that colored 
rings are produced by the interference of li^t. 

it ^nay be concluded, that material substances derive 
their colors from two different causes : some from the 
law of interference, such as iridescent metals,, peacocks' 
feathers, 6cc.; others from the unequal absorption of 
the rays of w^hite li^t, such as Vermilion, tiltramarine, 
blue, or green cloth, flowers, and the greatef number of 
colored bodies. The latter phenomena have been con- 
sidered extremely difficidt to reconcile 'mth the undula- 
tory theory of light, and much discussion has arisen as 
to what becomes of the absorbed rays.. But that em-^ 
bsurrassing question has been ably answered by Sir Johij^ 
Herschel in a most profound paper. On the Absorption 
of Light by colored Media, and cannot be better given 
than in his own wprds. It must however be premised, 
that as «11 transparent bodies are traversed t>y light, 
they are presumed to be permeable to the ether. He' 
says, ** Now, as regards only the general &ct 6f the ob- 
struction and ultimate extinction of light in its passage 
through gross media, if we compare the corpuscular and 
undulatory theories, we shaU find that the former ap^ 
peak to our ignorance, the latter to our knowledge,, for 
its explanation of the abs<»rptive phenomena. In at- 
tempting to explain the extinction of light on the corpus- 
cular doctrine, we have to account for the light so extin- 
guished as a material body, vVhich we must not suppose 
annihila^. It may however be transformed; bM 
a^iong ue imponderable agents^ heat,^ electricity, dec., 
it may be that we are to search for. the 'tight which has 
P 
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become thus comparatiyely stagnant. The heating 
power of the solar rays give^. a primd facie plausibility 
to the idea of the transformaticM of light into heat by 
absorption. ' But when we come to examine the matter 
more nearly, we -find it encumbered on all dides with 
difficulties. Ho\^ is it, for instance, that the most lu- 
minous, rays are not the most calorific ; but that on the 
contnuy, the calorific .^energy accompanies, in its great- 
est intensity, rays which possess comparatiyefy feeble 
illuminating powera 1 These and other questions of a 
similar nature may perhaps admit of andwer in a more 
advanced state of our i^nowledge ; but at present there 
is none obvious. It is not without reason, therefore, 
that the question > What becomes ^rf Kght?' which ap- 
pears to have been agitated among thei photdlogists qf 
the last century, has been regarded as one of consider-, 
able importance as well as obscurity by the t^orpuscular 
philosophers. On the other hand, the answer to this 
question, afforded by the undulatory theory of light, is 
simple and distinct. The question, <^ What becomes of 
light?' merges in the more general one, * What becomea 
of motion I * And the answer, on dynamicar principles, 
is, that it continues forever. No motion is, strictly 
speaking, annihilated; but it may be divided, and the 
divided parts made to ppi)ose and, in effect, destroy one 
another. A body struck, however perfectly elastic, 
vibrates for a time, and ^en appeal's to sink into its 
original repo&e. But this apparent rest (even abstract- 
ing from the inquiry that part of the motion which may 
be conveyed away by the ambient air) is nothing else 
thanja state of subdivided and mutually destt-oying mo- 
tion, in which every molecule continues to be agitated 
by an indefinite multitude of internally reflected waves, 
propagated through it in. every possible direction, from 
every point in ita surface on which they successively 
impinge. The superposition of such wavesf wiU, it is 
easnly seen, at length operate their mutual destruction, 
which will be the more complete the fnore irregular the 
figure of the body, and the greater the number of inter- 
nal reflections." Thus Sir John Herschel, by referring 
the absorption of 4ight to the subdivision and mutufS 
destruction of the vibrations of "ether in the interior of 
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bodies, brings another -class of pbenomena under the 
laws of the undalajtpry theory* '^ 

The ethereal medium pervading space is supposed to 
penetrate all material substances, occupying' the inter- 
•stices between their molecules; but in the intei^or of 
refracting media it exists in a state of less elasticity 
compared with its density in vacuo ; and the more ^ 
refractive- the noedinm, the less the elasticity of the 
ether within it.. Hence the -waves of light are trans- 
mitted with less velocity in such media as glass and 
water than in the external ether. As soon asli ray of 
light-reaches the Surface of a diaphanous reflecting sub- 
stance, for example a pkte of glass, it communicates its 
unduladons to the ether next in contact with the surface, 
which- thus becomes a new center of motion, and two 
hemispherical waves are propa^ted from each point of 
this smftce; one of which proceeds forward into the 
interior of the glass, with a less velocity than the inci- 
dent VFaves ; and the other is transmitted back into the 
air, with a velocity equal to that -with which -it came 
(N. 198). Thus when refracted, the' light moves with 
a different velocity without and within the glass ; when 
reflected, the ray conies and goes with the same ve- 
locity. The particles of ether without the glass, which 
communicate their motions to the particles of the dense 
and less elastic ether within it, are analogous to small 
elastic baDs striking large ones ; for some of the motion 
will be conunhnicated to the large balls, and the smaill 
ones will be reflected. The first would cause the 
refracted wave ; and the last the reflected. Conversely, 

' when the light passes from ^lass to air, the action is 
similar to large balls striking small ones. The smal} 
balls receive a motion whlcli would cause the relf^acted 

«Tay, and the part of the motion retained by the large 
ones would occasion the reflected wave ; so that when 
light passes through, a plate of glass or of any other 
medium differing in density from the air, jthere is a 
reflection at both surfaces; but this difference exists 
between the two reflections, that one is caused by a^ 
vibration in the same direction with that df the incident 
ray, and the other by a vibration in the opposite direction. 
A single wave of air or ether wopld not produce the 



172-^ ACTION OP LIGHT ON THE BETINA. Sccr. XXL 

sensation oF sound or light. In order to excite vision, 
the yibratiojis of the molecules of ether must be regular, 
periodical, and very often repeated; and as the ear 
continues to be agitated for a short time after the im- 
pulse by which alone a sound becomes continuous, so 
also the fibres of the retina, according to M. d'Arcet, 
continue to vibrate for about the eighth part of a second, 
''after the excjting cause has ceased. Every one must 
have observed, when a strong impression is made, by a 
bright light, liiat an object remains visible for a short 
time after shutting Ihe eyes, which is supposed ^ be 
In consequence of the continued vibrations of the fibres 
of the retina. Ocpasioualiy the retina becomes insen- 
sible to feebly illuminated objects when continuously 
presented. If the eye be turned jiside for a mpment, 
the object becomes again visible.. It is probably on this 
account that the owl makes so pecuhar a motion with - 
its head when looking at objects injhe twilight. It is 
. quite possible that many vibrations may be excited in 
the. ethereal medium incapable of producing undulations 
in the\ fibres of the human retina, which yet have a 
powerful effect on those of other animals or of insects. 
Such may receive luminous impressions of which we 
are totally unconscious, and at the same time they may 
be insensible to the light and colors which affect our 
f eyes ; their perceptions beginning where ours end. 



Section XXI. 



Polatization of Light— Defined-^Polarization by infraction— Properties of 
the Tourmaline — Double Refraction— All doubly Refracted Light is 
Polarized — Properties of Iceland Spar — Tourmaline absorbs one of the 
tiK^ Refracted Rsivs— Undulations of Natuittl Light— Undulations of • 
Polarized Light— The Optic Axes of Crystals— M. FresnePs Disooyeriea 
on the Rays passing along the Optic Axis— Polarization by Reflection. 

In giving a sketch of the constitution pf light, it is. 
impossible to omit the extraordinaiy property of its po- 
larization, "the, phenomena of which," Sir John^JIer- 
schel says, ^*are so singular and various, that to oue 
who has, only studied the common branches of physical 
optic5), it 19 like mitcriog into n new world, so splendid 
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as t» render it ona of the most delightful branches of 
eis^riiiQental inquiry^ and so fertile in the views it lays 
open of d^e constitution of natural bodies, abd the 
minuter mechanism of the universe, as to place it in the 
very first rank of the physico-mathematical sciences, 
which it maintains by the rigorous application of geome- 
trical reasoning its nature admits and requires. 

Light is said to be polarized, which, by being once 
refleoted or refracted^ i^ rendered incapable of beifig 
again reflected or refracted at certain angles. In gene- 
ral, when a ray of light i& reflected from a pane of plate- 
glass,' or any other si^bstance, it may be reflected a 
second time from another sur&ce, and it will also pass 
freely through transparent bodies. But if a ray of Mght 
be reflected from a pane of plate-glass at an angle of 
57^, it is rendered totally incapable of reflection at the 
surface of another pane of ^lass in certain definite po- 
sitions, but it will be completely reflected by the second 
pane 'in other positions. It likewise loses the property 
of penetrating transparent bodies in particular positions, 
while it is freely transmitted by them in otiiers. Light 
so modified as to^ be incapable, of reflection and truis- 
mission in certain directions, ^is said to be polarized. 
This ];iame was originally adopted from an ima^nary 
analogy in the arrangement of the particles of light on 
the corpuscular doctrine to the poles of b magnet, and is 
still retained in the undulatory theory. 

Light may be polarized by reflection from any polished 
surface, and the same property is also imparted by re- 
fraction. It, is proposed to explain these methods of 
polaiizing light, to give a shoirt account of its most re- 
markable properties, and to endeavor to describe a few 
of the splendid phenomena it exhibits. 

If a brown tourmaline, which is a mineral generally 
ciystalized in the form of a long prism, hp cut longitu- 
dinally, that is, parallel to the axis of the prism, into 
plates about the thirtieth of an inch in thickness, and 
the surfaces polished, luminous objects may be seen 
through them, as through plates of colored glass. The 
axis of each plate is in its longitudinal section par^lel to 
the axis of the prism whence it was cut (N. 199). If 
Ofie of thesoi plates be held perpendicularly between 
p2 
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|he eye and a candle, and turned dowly round in its 
own plaice, no change will take place in the image of 
the candle. ■ But if the platei^e held in a fixed position, 
with its axis or longitudinal section vertical, when a 
second plate of tourizraline^ is interposed between it and 
the eye, parallel j» the first, and turned slowly round in 
Its own plane, a remaiiKable change will be found to 
have taken plade in the nature of the light. .For^ the 
image of the candle will vanish and appear altemikely 
at every quarter revolution of the plate, viffying throuj^ 
all degrees of brightness down, to total, or almost totid 
eviuiescence, aud then indreasing again by the same dor- 
grees-aa it had before decreased. These changes de- 
pend upon the relative positions of the- plates. When 
the longitudinal sections of the two plates are parftUel^ 
the brightness of the image is at its . maximum-; and 
when the axes of the sections cross at right an^es, thd 
im^e of the taadle vanishes. Thus .the light, in pass- 
ing through the first plate of tourmaline, has acquired a 
property totally difierent from the direct light of the 
candle. The direct light would have penetrated thd 
s^cond^plate equally well in all directions, Whereas the 
' refracted ray will only pass through it in partictdar po- 
sitions, and is altogether incapable of penetrating it in 
othersr The refracted ray is polarized in its passage 
throxigh the first tourmalin^ and experience shows that 
it never loses that property, Unless when acted upon by 
a new substance. Thus, one of the properties of po- 
larized light is the incapability of passing through a plate 
of tournmline perpendicular to it, in certain positions^ 
and its ready transmission in other positions at right 
angles td the former. ; 

Many other substances have the property df polar-^ 
izing ^ght. . If a ray of light fidls i;ipon a transparent 
medium, which him &e same temperature, density, and 
structure throughout every part, as fluids, ^es, glass, 
&:c*, and B few regularly crystalized minerals, it is re* 
fracted into a single, pencil of light by the laws of ordi- 
nary refraction, according to which the ray, passing 
through the refracting simace from the object to the 
eye, never quits a pkme perpendicular to tlmt surface. 
Almost all other .bodies, such as the- greaiter number ef 
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ciystaHzed minerals, animal and vegetable substaBces^ 
gums, resins, jellies, and all iBolid bodies having unequal 
tensSohs, vviiether from unequal temperature or pres- 
sure, possess the property of doubling the image or ap^ 
pearance i>f an object seen through them in certain 
directions. Because a ray o^ natural light falling upon 
them is refracted into two pencils, which move with dif- 
ferent velocities, and are more or less separated^ accord- 
ing to the nature of the body and the direction of the 
incident i*ay. Whenever a ray of natural light is thus 
divided into two pencils in its passage though a sub- 
stance, both of the transmitted rays are polarized. Ice- 
land spar, , a' carbonate of lime; which by its natural 
cleavage may be split into the form of a rhombohedron, 
possesses the jnroperty of double refraction in an emi- 
nent degree, as may be seen by pasting a piece of paper 
with a large pin-hole in it, oh the side of the spar far^ 
tfaest fi*onrthe eye. The hole will appear double when 
held to the light (N. 200). One of these pencils is re- 
fracted according to the sanae law as in glass or water, 
^ never quitting the plane perpendicular to. the refracting 
surface, and is therefore called the ordinary ray. But 
the other does quit the plane, being refracted according 
to a different and much more con^licatedjaw, and'on 
that account is called the extraordinary ray. For the 
same reason one image is called the ordinary, and the 
oth^r the extraoMinary image. When the spar is turned 
round in th& same plane, the extraordinary image of the 
hole revolVes ^ibout the ordinary image which remains 
fixed, both being equally bright. But if the spar be kept 
in one position and viewed through a plate of tourma- 
line, it will be found that as the tourmaline revolves, the 
images vary in their relative brightness — one increases 
in intensity till it' arrives at a maximum, at the same 
time that die other dimimshes till it vanishes, and so on 
alternately at each quarter revolution, proving both rays 
to be pomrized. For in one position the tourmaline 
transmits^the ordinary ray, and reflects the extraordi- 
nary; and after revolving 90°, the extraordinary ray is 
transmitted^, and the orfinary ray is reflected. Thus 
another property of poluized light is, that it cannot be 
divided into two equal pencils by double refraction, in 
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positions pf liie doubly refracting >bpdiesvin which « ray 
of common light would be so divided. 

~ Were tourmaline like other doubly refracting bodies^- 
each of the transmitted rays would be doubld ; bi:^ that 

. mineral when of a certain thickness, after separatiqg the 
light into two pol;urized pencilsr. absorbs that whkdi uut 
dergoes ordinary refraction, and consequently ^ows 
only one image of bn object. On this account, tourma- 
line is pecuharly fitted for analyzing polarized light, 
whichshowsnotiEihig remarkable till viewed, thrtmgh it 
or something equivalent. 

The peiicils of light, on leaving a double refracting 
substance, are parallel j and it is clear irom the prece- 
ding ^experiments^ that they sire polarized in planes at 
right angles to each other (N. 201^. But that will be 
better understood by considering tne change produced 
in common light by ^ action of the polarizing body. It 
has been shown that the undulations of ether, which 
produce the sen^tion of conmion light, are performed 
in every possible jplane, at right angles to the direction 
in ^A^ch the ray is moving. But 3ie case is very dif- 
ferent after the ray has passed through a (Joubly refract- 
ing substance, like Iceland spar. The light then prO' 
ceeds in two parallel pencils, whose undulations are still 
indeed transverse to die direction of the rays, but they 
are accomplished in planes at right angles to one an- 
other, analogous to two parallel stretched cords^ one -of 
which performs its undulations only in a horizontal 
plane, iind the other in a vertical or upright plaice (N. 
201). Thus tho polarizing action of Iceknd spar and 
of all doubly refracting su^tances is, to separate a ray 
of common light, whose waves or undulations are in 
every plane, into two parallel rays, whose waves or un- 
dulations lie in planes at right an^es to each other. The 
rdy of common light may be asisimilated to a round ro(d, 
whoreas the two polarized rays are ;like two parallel 
long fiat rulers, one of which is laid horizontally on its 
broad surface, and the other horizontally on its edge. 
The alternate transmission and obstruction of one^ of 
these flattened beams by the tourmaline is similar to the 
facili^ with which a card may be passed between the 
h^a of ^grating or wires of a cage, if presepted odge^^ 
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ways, aiid the impossibility of its passing in a transversv ^ 
direction. ^. .» 

"^ Although it generally happens that aray^of light, in 
passiiig through Iceland spar, is separated into two po- 
larized rays, yet .there is one direction along wluch it is 
•refracted in one ray^only, and that according to the er^ 
dinary law. This direction is called' the optic axis 
(N. 202). Many clystals and other substances have 
two optic axes, inclined to each other, along which a 
ray of light is transmitted' in one pencil by Sie .law of 
ordinaiy refraction. The extraordinary ray is some- 
times refracted toward the optic axis,- as in quartz, zir- 
con, ice, &c.; which are therefore «aid to be positive * 
crystak ; but when it is bent from the optic axis, as in 
Iceland spar, tourmaline, emerald, beryl, &;c., the crys- 
tals are negative^ which is^the most numerous class. 
The ordinary r^ay n^ves with uniform velocity within a 
doubly refracting substance, but the velocity of the ex- 
traordinary ray va:ries with the position of the ray rela- 
tively to the optic axis, being^ a maximum \^en its mo- ^ 
tion within the crystal is at rightangles to the optic axis; 
and a minimum when parallel to it. Between these ex- 
tremes its velocity varies iiccording to a determinate, law. 
It has been inferred from the. action of Iceland spar, 
on light, that in all doubly refracting substances, one only 
of two rays is turned aside from me plane of ordinary 
refraction, while the other follows the ordinary law ; and 
the great difficulty of observing the phenomena tended 
to confirm that opinion. M. Fresnel, however, proved 
by a most profound, mathematical inquiry, d jmori, that 
the extraordinary ray must be wanting in glass and other 
uncrystalized substances, and that it must nei^essarily 
exist in carbonate of lime, quartz> and other bodies hav- 
ing one optic axis, but that in a numerous class of sub- 
E^ances which possess two optic axes, both rays must 
undergo extraordinary refraction, and consequently that 
both must deviate from their original plane, and these 
results l^iave been, perfectly confirmed by subsequent 
experiments. This theory of refraction, which for gen- 
eralization is perhaps only inferior to the law of giyyita- 
tion, has enrolled the name of Fresnel among^ tbuo^^ 
which pass not away, and makes his early loss a ^v^^ect 
12 
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^f deep regret to all who take an interest in the higher 
paths of seieutific reseaitih. . 

When a beam of common light is partly reflected at, 

^ and partly transmitted through, a transparent surface, 
the reflected and refracted, pencils contain equal quanti- 
ties of polarized light, and their planes of piolanzation 
are at right angles to one another : hence a pile of panes 
of glass will give a polarized beam by refraction. For if 
a ray of common light pass through them, partn)f it 
will be pdarized by the ifirst plate, &e second plate will 
'polarize a part of what passes through it, and the rest 
will do the same in succession, till the whole beam is 
pokurized, except what is' lost by reflection at the dif- 
' ferent suifaces, or by absorption. This beam is polar- 

' ized in a plane at right angles to the plane of reflection, 
that is, at right angles to tiie plane passing thfough the 
incidenl; and reflected ray (N. 203). , ^ 

By far the most convenient way 6i pbl^izing light is 
by reflection. A plane of platerglass kid ^on a piece 

^ 01 black clQth, on a table at an open window, wiU appear 
of a uniform brightness from the reflec|:ion of the sl^y 
or clouds. But if it be viewed through a plate qf tour- 
maline, hietving its axis vertical, instead of being illumi- 
nated ^a before, it wiU be obscured by a. large cloudy 
spot, having its center quite dark, which will readily be 
fpimd by elevating or depressing the eye, and will only 
be visible vvhen the angle of incidence is 57^, that is, 
when the line from the eye to the center of the black 
spotitfakes ^ angle of 33° with the surface: of the re-r 
fleeter (N. 204). When the tourmaline is tui^ned round 
in its owu plane, the dark cloud will diminish, and eiv- 
tirely vanish when the axis of the tourmaline is horizoa- 
tal, and then every part of the surface of the glass will 
be equally illuminated. As the tourmaline revolves^ the 
cloudy spot will appear and vanish alternately at eveiy 
quarter revolution. Thus, when a ray of light is inci- 
dent on a pane of plate-glass at an angie of 57^, the rei- 
flected ray is rendered incapable of penetrating a plate 
of tourmaline, whose axis is m the plane of incidence. 
Consequently it has, acquired the same character as if 
it had been polarized by transmission through a plate 
of IburmaHae, With its axis at right angles to the plane 
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of reflection. It is found by experience that this polaaiw 
ized ray is Ipcapable of a second reflection at certain 
angles and in certain positions of the incident plane..^ 
For if another pane of plate-glass having one suiface ' 
blackened, be so placed as to make an angle, of 33^ with 
the reflected ray,, the image of .the first pane will be re- 
flected in its' surface, and will be alternately iUumifiated 
and obscured at every quarter revolution of the black* 
ened pane, according as the plane of reflection is pa.rallel 
or perpendicular to the plane of polarization. Since 
this happens by whatever means the light has been 
polarized, it evinces a^notlier general property of polar- 
ized light, which is, that it is incapable of reflection in a 
plane at right angles to the plane of polarization. 

All reflecting surfaces are capable of polarizing light, 
bul the angle of incidence at which it is -completely 
polarized isi different in eafch substance (N. 20k5). It 
appears that the angle for plate-jglaspi is 67° ; in crown- 
glass it is 56° 55', and no ray will be completely polar- 
ized by water, unless the angle of incidence be 53° I'^S 
The angles at which different substances polarize light 
are determined . by' a very simple and elegant law, dis- 
covered by Sir David Brewster, " That the tangent of 
the polarizing angle for any medium is equal to the sine 
of the angle of inciderice divided bv the sine of the angle 
pf .refraction of that naedium."- Whence also the re- 
fractive power evett of an opaque body is known when 
its polarizing angle has been determined. ' , ^ 

Metallic substances, and such as are of high r^ractive 
powers, like the diamond, polarize imperfectly. 

If a ray polarized by refraction or by reflection from 
any substance, not metallic, be viewed through a piece 
of Iceland spar, each image will alternately vanish and 
reappear at every quarter revolution of the spar, whether 
it revolves from right to left, or from left to right ; which 
shows that the properties of the polarized ray are sym- 
nietrical on each side of the plane of polarization. 

Although there be only one angle in. each substance 
at which light is completely polarized by one reflection, 
yet it may be polarized at any angle of incidence by a 
sufficient number of reflections. For if a^ay falls upon 
the upper surface of a pile of plates of gVi$s at an angle 
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greater or less than a polcunzing angle, a part only of 
the reflected ray will be polarized, but a part of what is 
transmitted will be polarized by reid^ction at the sur- 
fece of the second plQ.te, part at the third, and so on till 
the whole is poralized. This is the best apparatus ; but 
one plate of ^ass having its inferior surface blackened, 
or even a polished table, will answer the puri)ose. 
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PhALomena exhibited by the pasdage of Polarized Light throagh Mica and 
Sulphate of Lime — The Colori^d Images- prodaced b^ Poludzed Light 
passing throa^ Cryscala having one and two Optic Axes^-Circular 

' PolarijEation — EUiptical Polarisation — Discoveries of MM, Biot, Fresnel, 
'and Professor Airy— :JColored .Images produced by the Interference of 
Polarized Rays. 

Such is the nature of polarized light and of the laws 
it follows. But it is hardly possible to convey an ideat of 
the splendor of the phenomena it exhibits lender circum- 
stances.which an attempt will now be made to describe. 
If light polarized by reflection from a pane of glass be 
viewed through a plate of tourmaline, with its longitudi- 
nal section vertical, > an obscure cloud, with, its center 
totally dark, wffl be seen on the glass. Now let a plate 
of mica^ uniformly abetut^the thirtieth of an inch in thick- 
ness, be interposed between the tourmalin^ and the 
glass ; the dark spot will instantly vanish, and instead of 
it, a succession of the most goi*geous colors *will appear, 
i^urying witii every inclination of the mica, from the 
richest reds, to the most vivid greens, blues, and purples 
(N. 206). That they may be seen in perfection, the 

. mica must revolve at right angles to its own plane. 

I When the mica is turned .round in a plane perpendicu- 

to to the polarized ray, it Will be found that there are 
two Hues in it where die colors" entirely vanish. These 
are the optic axes of the mica, which is a dbuMy refract- 
ing substance, with two optic axes, along which light is 
raracted in one pencil. 

No colors are visible in the mica, whatever its position 
maybe with regard to the polarized li^t, without the 

I aid of the tourmaline, which separates the transmitted 

I " ray into two«pencils of colored light complementary to 
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ODa aDother, that is, which taken together would make 
white! light. One of these it absorbs, and transmits the 
other; it is therefore called the analyzing plate. The 
truth of this will appear more readily, if a film of sul- 
phate of lime between the tw.entieth and^sixtj^th of fin 
inch thick be used instead of the mica. When the filni 
is of uniform thickness, only one color will be seen when 
it is placed between the analyzing platd and the reflect- 
ing glass ; as, for example, red. But when Ihe tourma- 
line revolves, the red will vfinish by degrees till the film 
is colorless ; then it will assume a green hue, which 
will increase and arrive at its maximum when the tour- 
maline has turned through ninety degrees ; after that 
the green Will vanish and the red will reappear, alter- 
nating at each, quadrant. Thus the tournoaline separ- 
ates the light which has passed through the film into a 
red and a green pencil; in one position it absorbs the 
green and lets the red pass, and in another it absorl^ 
the red and transmits the gr^en. This - is proved by 
analyzing the ray with Iceland spar instead of tom^maline ; 
for mnce the spar does not absorb the light, two images 
of the sulphate of lime will be seen, one red and 3i)e 
other green, and these exchange Colors every quarter 
revolutioU of the spar, the red becoming green, and the 
green red ; and Where the images overlap, the colore is 
whiter proving the red and green to be coniplementaiy 
ttf each other. The tint. depends on the thickness of 
the film, r Films of sulphate of lime* the 0*00124 and 
0*01 81 8 of an inch respectively, give white light in what- 
ever position they may be held, provided they be per- 
pendiculi^ to the polarized ray; but films of interme- 
diate thickness wUl give all colors. - Consequently, a 
wedge of sulphate of lime, varying in thickness between 
the 0'00124 And the 0^01818 of an inch, will appear to 
be striped with all colors when polarized light id trans- 
mitted through it. A change in the inclination of the 
film, whether of mica or siUphate 0^ lime*, is evidently 
equivalent to a variation in thickness. 

When a plate of niica, held as close to the eyes aS' 
possible at such an inclination as td tranpniit the polar- 
ized ray along one of its oj()tic axes^ is viewed through the 
tourmaline with its axis vertical, a most splendid appear- 
Q 
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imc» is preseiited. The cloufly spot iiift^e ^direction of 
the optic axis* is seen --surrounded iy a set. of vividly 
cobred 'dngs of an oval forpi, divided into two unequal 
parts by a black curved band passing through the cloudy 
spot aboufe which ihe rings are foifmed. The other, optic 
axis of the mica exhibits a similar image (N. 307). 

When the iwo optic axes of a crystal make a vsmall - 
angle with one another, as in nitre, the two sets of nngs 
touch externa^ ; arid if the plate of nitre be turned roulmd v 
F in its own plane, the black transverse bands undergo 

[ a variety Xii, changes, till at last the whole richly ^colored 

I image osstin^^s the form of the figure 8, traversed by k 

I black cros^^]^. 208). Substances with one optic axis 

have but one set of colored circular rings, i^th a broad 
I X black cross passing through its center, dividing the rings 

h ' into fotir equal parts* When the analyzing plate re- 

I vt)lvee, this figure recurs at every quarter revolution ; 

I but in' the intermediate positions it assumes the com- 

P plementary «>lors, the black cross becoming white. 

' ' It is ill vain to attempt to describe the beautiful phe- 

nomena exhibited by innumerable bodies, which undergo 
[ periodic changes in forni aad color when the analyzing 

^ plate revolves, but not one of them shows a trace of 

color without the aid ef tourmaline or something equiv- 
\ alent to analyze the light, and as it were tft call these 

^ beautiful phantoms into existence. Tourmaline has the 

I disadvantage of being itself a colored substance ; but . 

that inconvenience may be obviated by employing a re* 
> fleeting surface as an analyzing pl^te. When polarized 

\ light is refle(5ted by a plate of glass at thie polarizing 

! angle, it will be separated into tWo colored pencils ; and 

when the analyzing plate is turned round in its own 
plane, it will alternately reflect each ray at every quar- 
ter revolution, so that all the phenomena that have been 
described will be seen by reflection on its surface. 

Colored rings are produced by analyzing polarized 
light transmitted through glass melted and suddenly or 
unequally cooled ; also through thin plates of glass 
bent with the hand, jelly indurated or compressed, &c. 
&c. < In short, all the phenomena of -colored rings may 
be produced, either permanently or transiently^ in a 
vBriety of substancei^ by heat and cold, rapid cooling, 
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cdmprdssion, di^tatioD;' ai^ indufation ; ^ ^d ao^li|ti[e 
apparatus is necessary for pei^orming tbd' expeiimems, 
that,' Bs Sir John Herschel says, a piece' of \yfa(idow- 
glass qjt a polished table to pokn^se the light, a Jsbtfet of 
clear ice to produQe the rings, and a broken £re(gment 
of plate-glass placed near the eye^to analyze tii^ light, 
are alone requisite to produce one pf the most sftendid 
of optical exhibitions^ ~^ . ■ . , 

It has been observed, that ^ndien a ray of light, 
pdarized by reflection from way sur&ce not metallic, is 
analyzed by a doubly vefracting substance, it exhibits 
properties^ whjch are symmetrii^ both to the right and 
left of the plane of . reflection, and the ray is theb said 
to be polarized according to that plane. This 'Symmetry 
Is not destr^ed when the jay, hefore l^uig analyzed, 
traverses the optic axis of a iQfystal haying but one 
optic axis, as evidently a^Biears from the- circulaii* forms 
of the colored rings aJread/ described. Regularly ciys- 
talized quartz, ho v^ever, fcnrms an exception. In it, 
even tliough tl^o rays should pass through the optic 
axis itself, where ' there is no double refraction, the 
primitive symmetry of thtf fiiy is destroyed, and the 
plaice of primitive polarizttloh deviates either to the 
right or left of the observer, by an angle proportional 
to the thickness of the plate pf quartz. This angular 
motion, or true rotatiDn of the plane of polarization, 
which is called circular polarization, is cleariy proved by 
the phenomena. The colored rings produced by all 
crystals having but one optic axis arp circular, and 
traversed by a black cross concentric with the rings ; so 
that the light entirely vanishes throngliout the space 
inclosed by the interior ring, because there is neither 
double refraction nor polarization along the optic axis. 
But in the system- of rings produced by a plate of 
quartz, whose surfaces are perpendicular to the axis of 
liie crystal,, the part within the interior ring, instead of 
being void of light, is occupied by a uniftwm tint of red, 
fi;reen, or blue, according to the thickness of the plate 
(N. 209). Suppose the7>late of quartss to be ^7 of an 
inch thick, which will give the red tint to the space 
within the interior ring ^ when the analyzing^ plate is 
turned in its ovm plane through an angle of 17|°, the 
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red hue vanishes. If a plate of rock crystal ^ of an 
inch thick be used, the analyzing plate must reyolve 
through 35° before the red tint yahiBhes, and so on; 
every additional 25th of an inch in thickness requiring 
an additional rotation of 17^° ; whence it. is manifest 
/that the plane of polarization revolves in the direction 
of a spiral within the rock crystal.' It is remarkable 
that in some ciystals of quartz, the plane of polarization 
revolves from right to left, and in' others from left to 
right, although the crystals themselves differ apparent^ 
only by a very slight, almost imperceptible variety in 
form. In these phenomena, the rotation to the right is 
accomplished according to the same laws, and with the 
same ener^, as that to the left. But if two plates c^ 
quartz be interposed which possess different affections, 
tiie second plate undoes, either wholly or partly, the 
rotatory motion which the first had produced, according 
as the plates are of equal or unequal thickness. When 
the plates are of unequal thickness, the deviation is in 
the direction of the strongest, and exactly the same 
with that which a third plate would produce equal in 
thickness to the difference of the two. 
' M. Biot has discovered the same properties in a 
variety of liquids. Oil of turpentine, and an essential 
oil of laurel, cause the plane of polarization to turn to 
the left, whereas^ the syrup of sugar-cane, and a solu- 
tion of natural camphor by alcohol, turn it to the right. 
A compensation is effected by the snperpdsiti<^ or 
mixture of two liquids which possess' "diese opposite 
properties, provided no chemical action takes place. A 
remarkable difference was also observed by M. Biot 
between the action of ^the particles of the isame \sub- 
stances when in a liquid or solid state. The syrup of 
grapes, for example, turns the plane of polarization to 
me le^ as long as it remains liquid^; but as soon as it 
acquires the solid form of sugar, it causes the plane of 
polarization to revolve toward the rightj^ a propwty 
which it retains even when again dissolved. Instances 
occur also in which these drcumstances are reversed. 

A ray of light passing through a liquid possessing the 
power of circular polarization )is not affected by mixing 
other fluids with the liquid— ^uch as water, ether* alco- 
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hol, &:c.— ^hicb do not possess circular polBrizatioii 
Acmselves, the angle of deviation Temaining exactly tiie 
same as before tl^ mixture. Whesce M. l^iot infers 
that the action exercised by the liquids in question 
does not depend upon their mass, but that it is a niole- 
cular action exercised by the ultimate particles of mat* 
ter, which depends solely upon the individual constitu- 
tion, and is entirely independent of th^ ^positions and' 
mutual distances of the particles with regard to each 
Other. These important discoveries show, that circular 
polarization surpasses the power of chemical analysis u» 
giving certain and direct evidence of the^ similarity or 
difference existing in the molecular constitution of bodies^ 
as well as of the permanency of that constitution, or of 
the fluctuations to which it may^e liable. For example^ 
no chemical difference has been ^discovered between 
syrup from the sugar-cane and sjmip from grapes. Yet 
the ^st causes the plane of polarization to revolve to 
the right, and the other to the left ; therefore some es- 
sential difference must exist in the. nature of their ulti- 
mate molecules. The same difference is^to be traced 
between the juices of such platits as give sugar similar 
to that from tiie cano, and those whicn give sugar like 
that obtained from grapes. This eminent philosopheir 
is now engaged in a series of experiments on the pro- 
gressive changes in the sap of vegetables at different 
distances from their roots, and on the: products that aro 
formed at the various epochs of vegetation, from their 
action on polarized light. 

It is a fact established byM. Biot, that in circular 
polarization, the laws of rotation followed by the differ^ 
ent simple rays of Mght^are dissimilar in different sub- 
stances. ' Whence ne infers that the deviation of the 
simple rays from one another opght not to result fron^ 
a special property of the luminous principle onlyr but 
that the proper action Of the molecules must also conciir 
in modifying the devia,tions of the simple rays differelitiy 
in different substances. 

One of $he voBny brilliaiit discoveries of M. FresQe 

is the production H>f circular and elliptical polarization by 

the internal Tofl^tion of light ^m plate glass. He has 

shown that if light polarized by any of the usual methods 

q3 
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p be twice reflected within a glass rhomb (N. 1 6^) of a j^ven 

form, the- vibrations of the ether that aire perpendicular 

to the plane of incidence will be retarded a quarter of' a 

i vibration, which causes the vibrating particles ito describe 

^ circles, and tlie -succession of such vibrating particles 

throughout the extent of a wave to form altogether a 

circular helix, or curve like a corkscrew. However, 

' that only happens when the plane of polari^alaon is 

I inclined at an angle of 45° to the plane of incidence. 

! ) When these two planes form an angle either greater. 

r ^r less, the succession of vibratipg particles forms an 

i ^ elliptical helix, which curve may be represented by 

[ twisting a thread in a spiral about 4in oval rod. These 

curves will turn to the right or left, according to the 

position of the incident plane. 

The motion of the ethereal medium in elliptical and 
\ circular polarization may be represented by the.analogy 

' of a stretched c6rd ; for if the extremity of such a cprd 

I be agitated at equal and regular interveds by a vibratory 

motion entirely confined. to one plane, the cord will ^be 
thrown into an undulating curve lying wholly in that 
plane. If to this motion there be superadded another 
similar and equal, but perpendicular to the first, the 
cord, will aissume the form of an elliptical helix; its ex- 
tremity will describe an ellipse, ^and every molecule 
throtighout its length will successively do the same. But 
> if the. second system of vibrations oommenee exactly a 
quarter of an undulation later th^m the finst, the cord will 
take the form of ^a circular heBx or corii-screw; the 
extremity will- move uniformly- in a circle, and every 
molecule throughout the cord will do the same in suc- 
cession. > It appears, therefore, that both circular and 
^ elliptical polarization may be produced, by the corapo- 

I sition of the motions of two rays in which the particles 

r of ether vibr^e in planes at right angles to one another. 

Professor Airy, in a very profound and .able paper 
published in the Cambridge Transactions, has proved 
; that all the different kinds of polarized light are obtained 

> from rock crystal. When polarized li^ is transmitted 

through the axis of a crystid of qmutz, in the emergent 
ray the particles of ether moya in a circular helix ; and 
when it is transtnitt^d obliquely so as to form an angle 
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with tibe iBxis of the prism, the particles of ether mOTe 
in an elliptical helix, the ellipticity increasing with the' 
obliquity of the incident ray ; so that, when the Incident 
ray £a.lls perpendicfularly to Ihe axis, the particles of 
eti^er move in-, a straight line. Thus quartz exhibits 
eTOiy variety of elliptical polarization, even including 
the extreme cases where the eccentricity is zero, of 
equal to the ^qater cods of the ellipse (N. 210). In 
many crystals the two rays are so litde separated^ that 
it is only &om the nature of the ht^smitted light that 
they are knoWnHx) have the property of double refrac- 
tion. M. Fresnel discovered by experiments on the 
properties of light passing through -the axis of quartz, 
that it consists of two superposed rays, moving with 
different, velocities; and Professor Airy has shown, that 
in these twe rays, the molecules of ether vibrate in 
similar ellipses, at right angles to each other, but in dif- 
ferent directions; that their ellipticity .varies with the 
angle which the incident Tay makes with the axis ; and 
that, by the composition. of their motions^ they produce 
all the phenomi^na of pdlcuized light observed in quartz.. 

It appears from what has been said, that the mole- 
cules of ether always ^perform then- vibrations at right 
angles to the direction of the ray, but very differently in 
the various kinds of light. In natural light the vibrations 
are . rec^linear, and ih eveiy plane. In ordinary polar- 
ized light they are rectilinear, but confined to one plan^ ; 
in circular polarization the vibrations are circular ; and 
in elliptical polarization the molecules vibrate in ellipses. 
These vibrations are communicated from molecule to 
molecule, in straight lines when they are rectilinear, in 
a circular helix when they are circular, and in an otat 
or elliptical helix when elliptical. - 

Some fluids possess the property of ch-cular polar- 
ization, as oil «f turpentine ; and elliptical polarization, 
or something similar, seems to be produced by reflection 
from metallic surfaces. 

The ' colored images from polarized light arise from 
the interference of the rays (N. 1211). MM. Fresnel 
and Arago found that two rays of polarised light inter- 
fere and produce cobred fringes if they be polarized in 
the same plane, but that they do not interfere when 
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pdlarized m different planes. In all intermedutte posi^- 
tioiiSt fringes of intermediate brightness are produced. 
The. analogy of a stretched; cord will show how this 
happens. Suppose the pord to be moved bacjrward and 
forward horizontfdly at equal intervals ; v it wili be thrown 

, into an undulating curve iying all in one plane. If to 
this motion there be superadded another similar and 
equal, commencing exactly half an undulation later than 
the first, it«is evident that the direct motion eVery mole- 

^cnle will assume^ in consequence of the first system of 
waves, will af every instant be exactly neutralized by 
the retrograde motion it would take in virtue of the 
ftecond ; and the^ cord itself will be quiescent in conse- 
qtience of the interference. But if the second systenr 
of waves be in a plane - perpendicular to the first, the 
effect would only be to twist the rope, so that no inter^ 
ference would take ^pHace. Rays polarized at righfan- 
gles to each other may subsequently be brought into the 
same plane without acquiring the property m producing 
coined fringes ; • but if they belong to a pencil the whole 
of which wad originally polarized in l&e same plane, they 
\vill interfere. 

The manner in which the colored images are formed 
may be cpnceived, by considering that when polarized 
light passes through the optic axis- of la doubly refracting 
8ubstance,-*-as mica, for example, — ^it' is divided into two 

^ pencils by the. analyzing tourmaline ; and as one ray is 
absorbed there can be no interference. But when 
polarized hght passes through the mica in any other 
direction^ it is separated into two white rays, and these 
are again divided ihto four pencils by the tourmaline, 
which absorbs two of th6m; and the other two, bemg 
transmitted in the same plane with difSbreiit yelodtieir, 

- interfere and produce the c^ored phenomena. ' If the 
analysis be made with Iceland spar, the sin^e ray pass- 
ing through the optic axis of the mica win be refracted 
into two rays polarized in different planes^ and bo in- ^ 
terference will happeu. But when two rays are trans- 
mitted by. the niica, they will be separated into four by 

' the spar, two of which will interfere to form one image, 
and the other two, by their interference, will produce 
the complemeittary coloi^ of the other image, when the 
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spar has revolved through 90^; because, hi such posi- 
tions of the spar as produce the colored images, only 
two rays ore visible at a time, the other two being re- 
flected. . When the analysis, is^ accomplished by reflec- 
tion, if two rays are transmitted by the mica, they ai^e , 
polarized in planes at right angles to each other. And 
if the plane of reflection of either of tiiese rays be at 
right angles to the plane of polarization, only one of 
tl^m y^ be reflected, and llierefore no interference 
can take place; but in all other positions of the' analy- 
zing plate both rays will be reflected in the same plane, 
and consequently will produce cplored rings by their 
interference. 

It is evident that a great deal of the light we see must 
be pplarized, since most bodies which have the power 
of reflecting or refracting light also have tiie power of 
polarizing it. The blue light of the sky is completely 
polarized at an angle of 74° front the sim in a plade 
passing through his center* 

A constellation of talent almost unrivaled at any 
period in ^he history of science, has contributed to the 
theory of polarization, though the original discovery of 
that property of light waa accidex^tal, and arose from an 
occurrence which like thousands of others would have 
passed unnoticed, had it not happened to one of those 
rare minds capable of drawing me most important in- 
ferences ^from circumstances apparently trifling. In 
18(18, while M. Malus was accidently viewing with ^ a 
doubly-refracting prism a brilliant sunset reflected from 
the windows pf tibe Luxembourg palace in Paris, on 
turning the prism slowly round, he was surprised to 
see a very great ^ifierence in the intensity of tlie two 
images, the most refracted alternately changing from 
bri^tness to obscurity at each quadrant of revolution. 
A phenomenon so unlocked for induced hita to investi- 
gate its cause, whence sprung one of the most elegant 
and refined branches of physical optics. ^ 
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Sectioic XXIII. 

Objections to the TJudulatory Theory, from a Difference in the Action of 
Sound and Light under the ssune circumstanc-es, removed — The Disper- 
sion of Light ac^rding to th^ Undulatory Theory. 

The numerous phenomena of periodical colors arising 
from the interference of light, Which do not admit (3" 
satisfactory explanation on any other principle than the 
undulatory theory, are the strongest arguments in- favor 
of that hypothesis ; and efveU cases which at one time^' 
seemed unfavorable to that doctrine have pl^ved upon 
investigation to proceed from it alone. Such is the er- 
roneous objection whf6h has been made, in consequence 
of a difference in the mode of action of light and sound, 
under the same circumstances, in one particular in- 
stance! When a ray of light from a luminous point, 
and a diverging sound, are both transmitted through a 
very small hole into a dark room, the lightgoes straight 
forw&u*d and illuminates a sinall spot on the opposite wall, 
leaving the rest in darkness ; whereas the sound on en- 
tering diverges in all durections, and is beard in every 
part of the room. . These phenomena, however, instead - 
of being at variance with the^ undulatory theory, are 
direct, consequences of it, arising^ from the very great 
difference betweeq the magnitude of the undulations of 
sound and those of light. The undulations of light are 
incomparably less than the minute aperture, while thosis 
of sound are much greater. Therefore when light di- 
verging from a luminous point enters the hole, the rays 
round its edges are oblique:, and consequently of different 
lengths,' wh^e those in the center are direct, and nearly 
or altogether of the same lengths. So thcit -the small - 
undulations between the center and the edges arb in 
different phases, that is, in dififerent states of undula- 
tion. Therefore the greater number o1^ them interfere-, 
and by destroying one another produce darkness aU 
around tho edges of the aperture ; whereas^ the central 
rays having the same phases; combine, and produce a 
«pot of bright li^t on a wall or screen directly opposite 
the hole. The waves of air producing sound, on the 
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contrary, being very large compared witl^ the hole, do 
not sensibly diverge in passing through iW and are there- 
fore all so nearly of the same length, and consequently 
in the same phase, or state of midulation, that none of 
them interfere sufficiently to destroy one anbther* 
Hence aU the particles of air in the room are set info a 
statb of vibratden, so that the intensity of the sound is- 
very nearly everywhere the same. Strong as the pre- 
ceding cases may be, the following experiment made by 
M. Arago about twenty years ago seems to be decisive 
in favor of the iindulatpry doctrine. Suppose a plano- 
convex, lens ^f very great radios to be placed upon a 
plate of very highly polished metal. When a ray of 
polarized tight fa^Us upon this apparatus at a very great 
angle of incidence,- Newton's rings are seen at the point 
of contact. ^Bat as the polarizing angle of glass differs 
from that of metal, when the li^t fiSis on the lens at 
the polarizing angle of glass, the black spot and the. sys- 
tem of rings vauu^. For although light in abundance 
continues to be reflected from the surface of the metal, 
not a ray is reflected £rom the surface of the glass tlmt 
is in Contact with it, consequently no interference can 
take place ; which proves, beyond a doubt, that New- 
ton's rings result from the interference of the ti^t re- 
flected from both the surfaces apparently in. contact (N. 
194). 

^lotwithstonding the successful adaptation of the uor 
dulfitory system to phenomena, the dispersion of tight 
for a long time offered a formidable objection to that 
thebry; which has only been removed during the present 
year by Professor Powell of Oxford. 

A sunbeam- faUing on a prism, instead of being re- 
fracted to a single point of white light, is separated into 
its component colors, which are dispersed or. scattered 
unequally over a considerable space, of which the portion 
.occupied by the red rays is the leaist, and that over which 
the violet rays are dispersed is the greatest. Thus the . 
rays of the colored spectrum whose waves ture of difier- 
ent lengths, haVe diflerent degrees of refrangibitity, and 
con^quentjy move with different velocities, either in the 
mediutn which conveys the light from the sun, or in the 
refracting medium, or in both ; whereas rays of all colors 
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oome firom &e sun to the ecDrth with tlie same yeiocity. 
If, indeed) the velocities of theirarious rays were diifer- 
ent in space, the aberration of the fixed st^s, which is 
inversely ad the velocity, would be different for different 
colorsfand every star would appear as a spectrum whose 
length would be parallel to tige direction of the earth7s 
motion, whi6h is not found to agree with observation. 
Besides, there is no such difference in the vehMsities of 
the long and short waves of air in the analogous case of 
sound, since notes ef the lowest and highest pitch are 
heard in the order in which tbey are struck. In fiict, 
when the sunbeam passes from «ir into the prism its 
velocity is diminished ; and as its refraction and conse- 
quently its dispersion depend steely upon the diminished 
velocity of the transmission of its waves, they ought to 
be the same for waves of all lengths, unlesa a counection 
exists between the length of a v^ave, and the velocit}' 
with which it is propagated. Now this connection bO'- 
tween the length of a wave of any color and its velocity 
or refrangibility in a given medium,, has been deduced 
by professor J* owell from M. Cauchy's investigations of 
the properties of Ught on a peculiar modification of the 
undulatory hypothesisi^ Hence the refrangibiUty of the 
various colored rays computed from this ^e]ation.for,any 
given medium, wh^u compared with their refrangibility 
in the same medium determined by actuat observation, 
will show whether tii^ dispersion, of lig^ht comes imder 
the laws of that theory. But ui order .to accomplish 
this, it is clear that the length of the waves should be 
found independently of refraction, and a very beautifrd 
discovery of M. Fraunhofer funushea the means oi" 
doing so. _ .- 

ThjGd; ph^osopher obtained a perfectly pure igad com* 
plete colored 'spectrum ^with all its dark and bright lines 
by the interference of light ak>ne, from a sunbeam pass- 
ing iJirough a series of fine parallel wires covering the 
.object ^ass of a telescope. In this spectrum, formed 
independently of prismatic refruction, the positions of 
the colored rays depend only on* the lengtliff of their 
waves, and M. Fraunhofer found that the intervals be- 
tween them are preciseLy proportional to the differenoes 
of these lengths. He measured the lengtlis of the waves 
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of the ditYereoMplors at seven fixed points, determined 
by seven of the principal dark and bright lines. - Profes- 
sor Powell, availing himself of these measures, has made 
the requisite computations, and had found that the coin- 
cidence of theory with observation is perfect for ten 
substances whose refraqmbility had been previously de- 
termined by the direct measurements of M. Fraunhofer, 
and for ten others whose refrangibility has more recently 
"been ascertained by M. Kudberg. Thus, in die case^ of 
^ven rays in each of twenty different substances solid 
and fluid, the dispersion of light takes place according to 
the laws^of the undulatory theory; and as there can 
hardly be a doubt that dispersion in aH other bodies will 
be found to ibUow the same law, the undulatory theory 
of light may now be regarded as cotnpletely established. 
It is liowevef an express condition of the conndctioti' be- 
tween tha velocity ot" light and the length of its undula- 
tio<is, that the intervals between the vibrating molectiles 
of the ethereal fluid should bear ^ sensible relation to 
tiie length of an undulation. The coincidence of the 
computed with the observed refractions shows that this 
conditioh is fulfilled within the refracting media ; but 
the aberration of the -fixed stars leads to the inference 
that it does not hold in the ethereal regions, where the 
Telocities of the rays of all colors are the same. 



Seotion XXIV. 



Chemical m Photographic Rays oT the Sol&r Spectrnm.— Messrs. Scheele, 
Bitter, and WoUaston^ Didooveries— Mr. Wedgewood and Sir Humphry 
Davy's Photographic Pictures— The Calotype— The DaffMrreotype;- 
The Chromatype— The Cyanotype — Sir John Herschel's pispoflrenes 'in 
the Fhot^iAphic or Chemical Spectrum^— Mons. E. Becqaerel's discovery 
of Inactive Lines ia the Chemical Sp^trom. 

TfiE solar spectrum has assumed a totally new char- 
acter from, recent analysis, espedaify the chemical por- 
tion, which exercises an energetic action on matter, pro- 
ducing the most wonderful and mysterious changes on 
the organized and .unorganized <sreation. 

All bodies are probfiS>ly aflected by light, but it acts 
with greatest energy on such as are of weak chemical 
lenity, imparting properties to them which they did 
13 R 
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not possd^: deforov Metallic salts, esi^ecially those of 
^ silver; ^hose molecules are held together.!^ aa unstable 

equilibrium, are of al> bodies the most susceptible' of its 
li influence ; the effects however vary with the substances 

employed and with the different rays of the sdar spec- 
trum, the chemical properties of which are* by no means 
alike. ^8 early as 1772 M. Scheele showed. that the 
^ pure white color of chloride of silver was rapidly dark^ 

eued by the blue rays of the solar spectrum, while the 
red rays had no effect upon it ;. and in 1801. M. Ritter 
discovered that invisible rays beyond the violet extreinity 
i have the property of hbuskening argentine salts, that 

this property diminishes towUrd the less refrangible pitrt 
of the spectrum, and that the red rays have an opposite 
\ quality, that of restoring the- blackened salt of silver to 

j i its original purity, from which he inferred that the most 

,1 re£raiigible extremity of the spectrum has^an oxygen- 

I izing power, and the other |liat of deoxygenating* Dr. 

I WoUastoi^ found that gum guaiacum jacquires a green 

j color in the violet and blue rays, and resumes its ori^^nal 

I tint in i^e red. No attempt had been made to trace 

[ natural objects by means of light reflected from them 

i till Mr. Wedgewood, together with Sir Humphry Davy, 

took up the subject: they produced proflleaand tracings 
of objects on surfaces prepared with nitrate and chloride 
of silver, but they did not succeed In rendering their 
pictures permanent. This difficulty was overcome in 
1814 by M. Niepc6, wM produced a pernianent picture 
t>f surrounding objects, l^ placing^ in the focus of a 
camera obscura, a metallic plate covered with a film of 
asphalt dissolved in oil of lavender. 

Mr. Fox Tadbot, without aqy knowledge of M. Niepc6*8 
expezf^ents,li«d been engaged in the same pursuit^ 
and must be regarded as an independent inventor of 
f>hotography, one of the most beautiful arts of modem 
times: he was the first' who succeeded in using paper 
4shemically prepared for receiving impressions from nat- 
ural objects; and he also discovered a metliod of fixing 
permanently the impressions-^that is, of rendering the 
paper insensible to any further action of light. In the 
ealotype, one^of Mr. Talbot's most recent applicatiooe 
of tiie art, this photographic surface is propared by wasb- 
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ing smooth writii^-paperr first with a solntfitf of nitrate 
of ^silver, then with bromide of potassium, and again with 
nitrate of silver, drying it at a fire after each washing; 
the paper is thus rendered^so sensitive to light that ^ven 
the passage of. a thin cloud is perceptible on it, conse- 
quently it ihust be prepared by candle-light. . Portraits^ 
bpiildings, insects, leaves of plants, in short every object 
U accurately delineated in a few seconds, and in the 
iR)ctts of a camera obscura tbo mqst mintite objects are 
80 exactly depicted that the microscope, reveals new 
beauties. , . 

Since the effect of the chemical e^ency of light is to 
destroy the affinity between the salt and the silver, Mr. 
Talbot found that in o^er to render these impressions 
permanent, on paper, it. was only necessary to wash it 
with salt and water, or with a solution of iodide of po« 
tassium. For these liquids- the liquid hyposulphites 
have been advantageously isubstituted, wl^h iffe the 
most efficacious in dissolving and removing the unchitnged 
salt, Jellying the reduced silver on the paper. The cal* 
. otypo pictttr9 is negative, that is, the lights and^hadows 
are the reverse of what they are in nature, and the 
ri|^it-hand side in nature is the left in the picture; but 
if it.be placed with its face pressed tisainst photographic 
paper, between a board and a plate of glass, and exposed 
to the sun a short time, a positive and direct picture as 
it is in nature is formed; engravings may be exactly 
copied by l^is simple process, and a direct jpicture may 
be produced at once by using photographic paper abready 
made brown- by exposure to light. : < 

While Mr. FoK Talbot was . engaged in these v^ry 
elegant discoveries in £jigland,.M. Daguerte had brought 
to perfection and made public that admirable prueess by 
whicli he has compelled Nature permanently- to en* 
grave her own works ; and thus t^e talents of Frjance 
and England have been comhined in bringing to perfec- 
tion thi^ useful art. Copper, plated*with silver, is suc- 
cessfully employed by M. Daguerre for copying naturio 
by the agency of light. The surface of the- plate is 
converted into an iodide of silver, by placing it horizon- 
tally, wit^ its face downward in a covered box, in the 
bottom of which there is & smaU quantity of iodiaci 
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whidi evaporates spontaneously- In three or four 
minutes the surface acquires ^ yellow tint, and then, 
screening it carefully from light, it must be placed in 
the focus of a, caniei^ obscura, where an invisiblid image' 
of eal^rnal objects will be impressed on it in a few 
minutes. When taken out the plate must be exposed 
in another box to the action of mBrcurial vapor, which 
atitaches jitself to those partei* of thO' plate which had 
been exposed to fight, but does not adhere to such parts 
as had been in shadow ; and as the quantity jo^raercury 
over the other parts is in exact proportion to the de- 
gree, of illumination, the shading m the picture is per- 
fect The image is fixed, first by removing the iodilie 
from the plate, by plunging it into hyposulphite of soda, 
and then^ washing it in distilled water ; by this process 
the yellow color is destroyed, and in order to render 
the mercury permanent, the, plate must be exposed a 
few minutes to nitric vapor, then placed in mtrie acid 
containing copper or silver in solution at a temperature 
of 61|" of Fahrenheit for a short time, and lastly 
polished* with chalk. This final part of the process is 
due to Dr. Berre, of Vienna. 

Nothing can b^ more beautiful than the shading of 
these chiar-oscuro pictured when objects are at rest, 
but the least motion destroys the effect; the method 
therefore is more applicable to buildings than landscape. 
Color alone is wanting ; but jthe researches of Sir John 
Herschel give re^h to believe that even this wiH ulti- 
mately be attained^ > . 

The ntost perfect impressions of seaweeds, leaves <of 
plants, . feathers, &€., may be formed by bringing the 
object inter close^ contact with a sheet of photogi-apjiic 
paper, between a board and plate of glass ; then ex- 
peising the whole to the sun for a short time, and after- 
ward fixing it by the process descnbed. The colors of 
the pictures vary with the preparation of the paper, by 
which almost any tint may be produced. 

In the chromatype, a peculiar photograph discovered 
by Mr. Hunt, chromate of copper is used, on whjch a 
diark brpwn negative image is first -formed, but by'^the 
continued action of fight It is changed to a positive 
yellow picture on a.wlpte ground; the farther effect 
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cf light is checked by wasfaing the picture in pure 
water. 

- In cyanotypes, a class of photographs discovered by 
Sir John Herschel, in which dyanog^n in its eombina-^ 
tions with iron forms the ground, the pictures ajre 
Prussian bhie and white. In the chrysotype of the 
same eminent philosopher, the image is first received 
on paper prepared with the ammonia-citpate of iron,- 
and afterward Washed with a neutral solution of gold. 
It is iixed by water acidillated ^th sulphiiric acid, and 
lastly by hydriod^te of potash, from which a white and 
purple ^photograph results. It \a vain to attempt to de- 
scribe the various beautiful ejects which Sir ' John 
Herschel obtained from chemical compounds, and from 
the juiQOs of plants : the juice of the red poppy gives a 
positive bluish purple image, that of the ten^week stock 
a fine rose color on a pale straw-colored ground. 

Pictures may be made by exposure to sunshine, on 
all compound substances-having a. weak chemical affinity, 
but the image. is often invisible, as iu the Daguerreotype, 
till brought out by washing in some' chemical prepara- 
tion. Water is 'frequently sufficient; indeed Sir John 
Herschel brought out dormant photographs by breaithinjg 
on them, and some substances are insensible to the ac- 
tion of light till moistened, as for example gum guaia- 
cum., Argentine papers, however, are little subject to" 
the influence of moisture. The power of the solar rays 
is augmented in certain cases by placing a plate of glass 
in close contact over the sensitive surface. 

Chemical action always accompanies the sun's light, 
but the analysis of the. solar spectrum has partly dis- 
closed the wonderful nature of the emanation. In the 
research, properties most important and unexpected 
have been discovered by^ Sir John Herschel, who im- 
prints the stamp of genius on all he ^touches — ^his elo- 
quent papers can alone convey ah adequate idea of their 
value in opening a field of inquiry vast and untrodden. 
The following ^brief and impenect' account of higl exper- 
iments is all Siat can be attempted here : — 

A bertaih degree of chemical ener^ is distributed 
throtigh every part of the solar spectrum, and 'idso to a 
(sonsiderable extent through the dark spaces at each ex- 
r2 
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tremlty. This distribution does not depend on liie re- 
frangibility of the rays alone, but also on the^ nature of 
the rays theinseWes, and on the physical properties of 
the analyziog medium on which ^e rays are received, 
whose changes indicate and measure their action. The 
length of the photographic image of the same solar spec- 
trum paries with the physical qualities of the surface on 
which it is im]^essed4 . When the solar spectrum is 
leceived on paper prepared widi bromide of silver, the 
chemical spectrum, as indicated merely by the length of 
the^darkened part, includes within its limits the whole' 
luminous spectrum, extending in one direction far be- 
y;ond the extrense violet and lavender rays, afid in the 
other down to the extremest red : with^ tartrate of sil- 
ver the .darkening occupies not only afl the space undeit 
the most refrangible rays, but reaches much beyond .the 
extreme red. ' On paper prepared with formobenzoate 
of silver the chemical spectrum is cut off at the orange 
rays, with phosphate of silver in the yellow, and with 
chloride of gold it terminates with the green, with car- 
bonate of mercury it' ends in the blue, and on ]^per 
prepared with.^e percyanide of gold, ammonia, end 
nitrate of salver, the darkening lies entirdiy. beyond the 
visible spectrum At its most^refrangible extremity, and 
is only half its length, whereas in some cases chemical 
action occupies a space more than twice the length-ef 
the luminous image. 

The point of maximum energy of chemical actio|i 
varies as much for different preparations as the scale of 
action. In the greater pumber of^ cases the point of" 
deepest blackening lies about the lower edge of (he in- 
digo rayst though in no two cases is it exactly the same, 
and in many substances it is widely different. On paper 
prepared with the juice of the ten- week stock (Mathida 
annua), there are two maxima, one in the mean yellow 
and a weaker in the violet ; and on a preparation of tar- 
trate of silver, Sh- John Herschel found three, one in 
^e least refrangible blue, one in the indigo, and a third 
beyond the visible violet. The decrease in, photographic 
energy is seldon^ perfectly alike on both sides of the 
maximum. Thus at the most refrangible end of the 
solar spectrum the greatest chemical power is exerted 
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in most in^tancea wbere th^re is least fight and heal; 
and even in the space wheie both sensibly cease* 

Not only ^e intensity biit the kind of action is differ- 
ent in the' different points of the solar sj^ectrum, as 
evidently appears from the various eolors that are fre- 
quently impressed on the same analyzing surfiice, each 
lny having a tendency to impart its own color. Sir John 
Herschel obtained a colored ima^e of the solar spectrum 
on paper prepared according to Mr. Talbot's principle, 
frotn a sunbeam refracted by -a glass prism and then 
highly conden^ed by si lens. The photographic image 
was rapidly fonned and very> intense, an^ virhen with- 
drawn from the Spectrum and viewed in commou day- 
light it was fo^d to he colored with sombre but une- 
quivocal, tints imitating thej)rismatic colors^ tvhich varied 
gradually from red through green and blue to a purplish 
black. After washing the surfiuie in water, the tints 
became more decided by being kept' a few days in the 
dark^^-« phenomenon, Sir John i)bserves, of constant 
occurrence, whatever be the preparation of the papery 
provided colors. lire produced at all. He also obtained a 
colored image on nitrate of silver, the 'part under the 
blue rays becoming a blue brown, while that uibder the 
violet had a' pinkish shade, and sometimes green ap- 
peared at the point corresponding to the least refrangible 
blue. Mr. Hunt found on a paper prepared with fluoride 
of silver- that a yellow line was impressed 6n the space 
occupied by the yellow raysi A 'green band on the space 
under the green ray?, an intensie blue throughout the 
space on which the blue and iqdigo rays fell, and under 
the violet rays' a ruddy, brown appeared ; these colors 
remained clear and distinct 'after being kept two months. 

Notwithstanding the great variety in ^e scale -of 
action of iftie solar spectrum, the darkening or deoxy- 
dizing principle that prevails in the. more refrangible 
part, rarely surpasses or ete6 attains ^e mean yellow 
ray Which is the point of maximum ilfumroation ;^it is 
generally cut off abruptly at that point which seems to 
form a limit between the 6pposing powers which prevul 
at the two ends of the spectrum. The bleaching or ox- 
ydizing effect of'the red rays on blackened muriate of 
silver discovered by M. Ritter of Jena, and the restora^ 
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tionJi)y the s^me rays of discolored gum giiaiacumto iCs 
original tint by' Dr. WoUaston, have already been men- 
tioned as giving the- first iodications of that difference in 
the mode of action. of the chemical rays at the two ends 
of the visiUe spectrum, now. placed beyond a doUbU 

The tuition exerted by the less refrangible rays be- 
yond a^d at the red extremity of the solar spectrum, in 
moat instances, sjOT. far from blackening, metallic salts, 
protects them from the. action of the diffused daylight ; 
btttif the prepared surface has already been hlack^ened 
by exposure to the sun, they posjsess the remarkable 
property of bleaching it in' some cases, and under other 
circumstances of ch^ging tiie black sur&ce into a fiery 
red. , 

Sir John Hersqhel, to whom we owe most of our 
knowledge of the properties of the chemical spectrum, 
prepared a sheet of -paper by washing it with muriate 
of ammonia, and then with two coats of nitrate of silver; 
on this surface he obtained an impression of the solar 
spectrum exhibiting a range of colors very nearly cor- 
responding with its natural hues. But a very remarka- 
ble phenomenon occurred at the end of least refrangi- 
bility; the red rays exerted a protecting infitience 
which pr^s&rved the paper from die chauge which it 
would otherwise have undergone from the .'deoxydizing 
influence of the dispersed light which always surrounds 
the/ solar spectrum, and this maintained its whiteness.. 
Sir John met with another instance on pa,per prepared 
with bromide of silver, on which the whole of the >space 
occupied by the visible spectrum was darkened down to 
the yjBry extremity of the ,red rays, but an oxydiising 
action commenced Ibeyond the extreme red, which main- . 
tained the whiteness of the paper to a considerable dis- 
tance beyond the last traceable limit of the visible rays,- 
thus evincing decidedly tlie existence of some chemical 
power over a considerable space beyond the least re- 
frangible end of the ^spectrum- .Mr. Hunt also found 
thi^t on the Daguerreotype plate a powerful protecting 
influence is exarcised by the extreme r^d rays. In 
these cases the. red 'and those dark rays beyond them 
exert ah action of an opposite nature to that of the violet 
and lavender rays. .. • 
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The least refran^ble part of the solar spectrum pos- 
sesses also, under certain circumstances, a. bleaching 
property, by which the metallic . salts are restored to 
their v original whiteness after being blackened^^by ex- 
posure to common daylight, or to, the most refrangible 
rays of the soliur spectrum. 

Paper prepared with iodide of silver, when washed , 
over with ferrocyanite of potash, blackens rapidly when 
expqsed to the solar spectrum. It begins in the violet 
rays aQd extends over all the space occupied by the dark 
oheraical rays, and over the whole visible spectrum 
down to the extreme red rays. This image is colored, 
the red rays giving a reddish tint and the blue a bluish. 
In a short time a hleaching process begins under the red 
rays, and extends upward to the green, btit the space 
occupied by the extreme red is maintained perfectly dai^k. 
Mr. Hunt found that a similar bleaching poweY is exerted - 
by the red rays on paper prepared with protocyanido of 
potassium and gold with a wash of nitrate of silver. 

Tbe application of a moderately strong hydriodate of 
potash to darkened photographic paper renders it pecur 
liarly susceptible of 1>eing whitened by further exposure 
to light. If^ paper prepared with bromide of silver be 
washed with ferrocyanate of potash while under ^ the 
influence of the solar spectrum, it is immediately dar1|- 
lened throughout . the part exposed to the visible rays 
c^own to the end of the rod, some slight interference 
being perceptible about the region of the orange and 
yellow. After this a bleaching action begins, over the 
part occupied by the red rays, which exteitids to the 
greei). By longer exposure an oval spot begins again to 
darken about the center of the bleached space ; but if 
the paper receive «nother wash of the hydriodate of 
potash, the bleaching action extends up from the green, 
over the region occupied by the most refrangible rays 
and considerably beyond then>, t^us inducing a negative 
action in tlie most refrangible part of the spectrum. 

In certain eircuoasttoces the red rays,, instead of re- 
sUning darkened photographic paper to its original 
whiteqess, produce a deep red ccrior. When Sir Jol^n 
Herschel received the spectrum on paper somewhat 
discolored by exposure to direct sunshine, instead of 
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whiteness, a- red border wasr formed extending from the 
space occujMed by the orange, and nearly covering that 
on which the red fell. When, uistead of exposiu; the 
paper in the first instance j» direct sunshuie,^ it was 
blackened by the violet rays of a prismatic spectram, or 
by a sunbeam that had undergone the absorptive actibn 
of a solution of ammonia-sulphate of copper, the red 
rays of th& condensed spectrum produced on it, not 
whiteness, but a full and iiery fed which occupied the 
whole space on whicli «ny of the visible- red rays had 
fallen, tmd thid red remained unchanged, however long 
the paper remained exposed to the least refrangiMe rays. 
Sunli^t transmitted through red glass produces the 
same effect as the red rays of the spectrum in the fore- 
going experiment; Sir John Herschel placed an en- 
graving over a pap^r blackened by exposure to sunshine, 
covering the whole with a dark red-brown glass previ- 
ously ascertained to absorb every ray beyond tlie orange : 
in this. way a photographic copy was obtained in which 
the shades were bla^k, as" in the original engraving, but 
the lights, instead of being white, were of the red color 
of venous bbod, and no other color couM be obtlnned by 
exposure to light, however long. Sir John ascertained 
that every part of the spectrum impressed by the more 
refrangible rays is equally reddened, or nearly so; by the 
stibsequent action of the less refrangible; thus. the fed 
rays have thd very remarkable property X)f assimilalihg 
to their own color the blackness already impressed on 
photographic paper. 

- That there is a deoxyd^ing property in the more re- 
frangible rays, and an oxydating action in - the less re* 
frangible part of th& spectrum, is manifest from the 
blackening of one and the bleaching effect of Ihe other; 
but the peculiar action of the- red rays in the expert* 
ments mentioned, shows that^some other principle existil 
di^erent from contrariety of action. These^ opposite 
qualities are balanced or neutralized in the region of the 
mean yellow ray. But although this is the general 
character of the pfaotographio spectrum, under certain 
cifcumstances even the red rays have adeoxydatihg 
power; while the blue and scarlet ^xert a contrary infla« 
ehce ; but these are rare exceptions. 
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The photographic action of the: two portions of the 
solar' spectrum being so different, Sir John Herschel 
tried the effect of their united action by superposing ^e 
less refrangible part of the spectrum over the more re- 
frangible portion by means of two prisms, and he thus 
discovered that two rays of di^erent i-efrangibility, and 
therefore of different lengths of imdulation, acting simul- 
taneously, produce an effect which neither acting sepa^ 
rately can do. 

Some circunistances that occurred during the analysis 
of the chemical spectrum seem to indicate an absorptive 
action in the sun*s atmosphere. The spectral image ' 
impressed on paper prepared with nitrate of silver and 
flochblle salt, commenced «t or very little belOw the 
mean yellow ray, o€ a delicate lead color, and when the 
action was arrested such was the character of the whole, 
photographic spectrum. But when the light of the 
solar spectrum was allowed to continue its action, there 
was observed to come on suddenly a n^w and much 
more intense impression of darkness, confined- in length 
to the blue and violet rays ; and what is most remarka>- 
ble, confined also in breadth to the middle of the sun's 
image, so far at least as to leave a border of the leadr 
colored speptanim traceable, not. only round the clear 
and well-deffned convexity of the dark interior spectrum 
at the least refrangible end, but also laterally; along both 
its edges-: and this border was the more easily traced 
and less Kable to be mistak^sn from its stril^ing contrast 
of color with the interior spectram, the former b^g 
lead gray, the latter an extremely rich deep velvety 
brown. The less refrangible end of this interior brown 
spectrum presented a sharply terminated and regularly 
elliptical contour, tho more refrangible a less decided 
one. " It may seem tbo^ hazardous," Sir John continues^ 
** to look for die cause of this very singular phenomenon 
in a real difference between the diiemical agencies of 
^ose rays wEich issue from the central portion of the 
"sun's disc, and those which, emfmating.from Its borders, 
have undergone the absorptive action of a much greiiter 
depth of its atmosphere ; and yet I c6nfess myself some- 
what at a loss what other CcOise to assign for ^ it. It 
must suffice, however, to have thrown out the hint, re«> 
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marking only, thftt I have other, and I am disposed to 
think decisive, evidence of the existence of an absorptive 
solar atmosphere extending heyond the luminous one." 
Several circumstapceS concur in showing that there are 
influences alsQ concerned in the transmission'^of the pho- 
tographic action which have not 'yetl)een explained, as 
for example the influence which the time of the day 
exercises on tho rapidity with which photographic im- 
pressions are made, the sun being much less eflective 
two hours after passing the meridian than two hours 
Before. There is also reason to suspect that the effect 
in some way depends on the latitude, since a much 
longer time is required to obtain an image under the 
bright skies of the tropics than, in England, and it is 
even probable that there is ti diflerenee in the sun^s 
light in hig^i and t low latitudes, because an iomge of the 
^lar spectrum obtained on a Daguer^'Qotype plate in 
Virginia .by Dr. Draper, diflered from a spectral image 
obtained by j!4r. Hunt on a similar plate in England. 
The inactive spaces discovered in the photographic spec- 
trum by M. E. Becquerel similar to those in the lumi- 
nous spectrum, and coinciding with liiem, is also a phe*- 
nomenon of which no explanation has yet been given. 
Although chemical action extends over the whole lumi- 
nous spectrum and mulch beyond it in gradations of 
more or less intensity, it is found by. careful ihvestiga* 
tion to be by nO means continuous ; numerous inactive 
lines cross it coinciding with those in the luminous image 
as far as.it extends i- besides, a yery great -number exist 
in the portions that are obscure, and which overlap the 
visible part. There are three extra-spectral lines -be- 
yond the red, and some strongly naarked groups on the 
obscure part beyond the violet ; but the whole number 
of those inactive lines, especiaHy in the dark spaces,' is 
so great that it is impossible to count them. 

Notwithstanding this coincidence in the inactive lines 
of the two- spectra, photographic energy is independent 
of both light aud heat, since it exerts the most powerful 
influence in^ those rays w^ere they are least, and also 
in spaces where neither sensibly exist ; but the trans- 
mission of the sun*s light through colored media makes 
that independence quite evident. Heat and light pass 
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abundantly throagb yellow glass, or a solution ^f^hro- 
mate of potash ; but the greater part of the chemical ' 
rays are excluded, and chlorine gas diluted with comnaon 
air, though highly pervious to the luminpus and calorific 
principles, has the same effect. Sir John Herschel 
found that a slight degree of yellow London fog had a 
similar effect with that of pale yellow media : he also 
remarked that a weak solution of azolitmine in potash, 
which admits* a great quantity of green light, excludes 
chemical action ; and some years ago, the author, while 
making experiments' on the transmission of chemical 
rays, observed that green glass, colored by oxyde of cop- 
per, about the 20th of an inck thick, excludes, the pho- 
tographic rays, and as M. Melloni has shown t^at -sub- 
stance to be impervious to tiie most refrangible calorific 
rays, it has the property of excluding the, whole of the 
most refrangible part of the solar spectrum, visible and 
invisible. Green mica^ if not too thin, has also the same 
effect, whereas amethyst, deep' blue and yiolet-colored 
glasses, though they transniit a very little light, allows 
the chemical rays to pass freely. Thu» light and pho^ 
tographic energy may be regarded as^ distinct and. inde- 
pendent, properties of the solar beam. _ 

it is not known whether photographic energy be ab- 
sorbed by material substances or not, neither is it known 
whether it be concerned in crystalization, and in pro- 
ducing those changes iuthe internal structure of crystals • 
when exp6sed^to the 6un, already mientioned; but tiie 
power is universal wherever the solai* beam fidls, though 
the effect only becomes evident in (^ases of unstable jno- 
lecnlar equilibrium. The compositioi^ and decomposi- 
tion of those solids, liquids, and aeriform fluids hitherto 
attributed to light, are chiefly Owine to this energy ; and 
as similar chemical changes may he' produced by cur- 
rents of electricity, an occult connection between these ' 
two imponderable inl^uences is shadowed out.* 
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Section XXV. 

Heqt— Calorific Rays of the Solar Spectrum— Experiments of MM. Do 
Laroche and Melloui on the Transmission of Heat-— The Point of givatest 
Heat in the Solar Spectrum yarfes with the Substance of the Pham — 
Polarization of Heat — Circular Polarization of Heat — Transmission^af the 
Chemical Rays— Absorption of Heat — Radiation of Heat — De^ — Qoar 
, Frost — Rain^^Hail— Combustion — Dilatation of Bodies by£eat'->Propa- 

■ gation of Heat — ^Latent Heat— Heat presumed to consist of the UndiUa- 
tions of an Elastic Medium— Parathermic Rays— Mosex's Discoveries. 

It is not by vision alone that s^ knowledge of the sun's 
•rays is acquited^ ^- touch prove? that they have the 
power of raising the. temperature of substances exposed 
to tiieir action. Sir William Herschel discovei^d that 
rays of caloric which produce\the sensation of heat, exist 
in the . solar spectrum independently of those of light ; 
when he used a prism of flint-gla^s, he found the warm 
rays most abundant in the dai'k space a little beyond the 
red extremity of the spectrum — that from thence they 
decrease toward the violet, beyond which they are in- 
sensible. It may therefore bo concluded, that the ca- 
lorific, rays vary in refrangibility, and that those beyond 
the extreme red are less refrangible than any rays of 
fight. Since Sir William HerscheVs time it has been 
discovered that the calorific spectrum exceeds the lumi- 
nous one^jL length in the ratio of 42 to 25, but the most 
singular phenomenon of the calorific spectrum is^ its 
want of cbtitinuity. Sii^ John Herschel blackened the 
under side of a i^eet of very thin white paper by the 
smoke of a lamp, >and having, exposed the white side to 
the solar spectrum, he drew a brush dipped in spirit of 
wine over it^ by which Jthe paper assumed a black hue 
when sufficiently saturated. The heat in the spectrum 
evaporated the spirit first on those parts of the paper 
wh^^ it fell 5vith greatest intensity^ thereby restoring 
their white cok>r, and thus he discovered that the ca- 
loric is not distributed uniformly, but in spots of greater 
or less intensity-^^ circumstance, probably owing to the 
absorbing action of the atmospheres of the sun and 
earth. " The effect of the former," says Sir John, ** is 
beyond our control, unless we could carry our experi- 
ments to such a point of delicacy as to operate separately 
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on rays emanatilig from the center and borders of the, 
sun's disc; that of the earth's, though it cannot be elim- 
inated any more than in the -case of the sun's, may yet 
be varied to a consiiderable extent by experiments made 
at', gi'eat elevations and under a vertical sun, and com- 
pared with others where the sun is more oblique, the 
situation lower, and the atmospheric pressure of a tem- ■ 
porarily high amount. Should it be found that this 
cause is in reality concerned in the production of the 
sjpots, we should see reason to believe that a large por- 
tion of solar heat never i*eachea the earth's sprface, and 
that what is incident on the summits of lofty mountains 
differs not only in quantity, but filso in quality, from 
wh^t the plains receive.'^ 

Thus the solar spectrtim is proved to consist of live 
superposed spectra, only threie of which are visible — 
the red, yellow, and blue; each of the five varies in 
refrangibility and intensity throughout the^ whole ex- 
tent, the visible part being overlapped at one extremity 
by the chemical, and at the other by the calorific rays ; 
but the two latter exceed the visible piart so much, mat 
the linear dimensions of the three, the luminous* calo- 
rific, and photographic, are in liie proportion of the 
numbers 25, 42, 10, and 55-10, so that the whole solar 
spectrum is more than twice as long a§ its visible part. 

That the heat-producing rays idxist independently of 
lights us a matter of constant experience in die abundant 
emission of them from boiling water. Yet - there is 
^very reason to believe that both the calorific and 
chemical rays are modifications of the same agent 
which produces the sensation of fight. ^Kays of heat 
dart in diverging straight lines from flame, and from 
each point in the surfaces of hot' bodies, in the same 
manner as diverging rays of light proceed from every 
point of the surfaces of such as are ^neiittous. Accord' 
ing to the experiments of Sir J(din Leslie, radiation 
proceeds not only from the surfaces of substances, hut 
also from ^b particles at a minute depth below it. He 
found that the embsien is most abundant in a direction 
perpendiciilar to the radiating surface, and that it is 
more rapid -from a rough than from a polished aiirface : 
radiation, however,, can only take place in air and in 
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vacuo ; it id altogether impercepfible when the hot 
' body \h inclosed in a solid or liquid. Heated substances, 
when exposed to the open air, continue to radiate 
caloric till they become nearly of .the temperature of 
the surrounding mediunti. The radiation is very rapid 
at first, but diminishes sccordurg to a known law with 
the tenaperature of the heated body. It appears, alto, 
that the radiating power of a surface is inversely/as its 
reflecting power; and bodies that are most impidrmea- 
ble to heat radiate le^st. 

Rays of heat^ whether they proceed from the sun, 
from flame, or other terrestrial sources, luminous or 
hon-luminous, are instantaneously transmitted through 
solid and liquid substances, there being no appreciable 
difference in the timorthey take to pass through layers 
of any nature or thickness whatever- They pass also 
with the same facility whether the media be agitated 
or at rest ; and in these respects the analogy between 
light and heat is perfect. Radiant heat passes through 
,the gases with the same facility as light ;, but a rema^- 
able difference obtains in.the transmission of light and 
heat through most solid and liquid substances, the same 
body being often perfectly permeable to the luminous 
and altogether impermeable to the calorific rays. For 
example,, thin and perfectly transparent plates of alum 
and citric acid sensibly transmit all the rays of light 
from an argand lamp, but stop eight or nine tenths of 
the concomitant heat; while a large piece of brown 
rock ^crystal gives a free passage to the radiant heat, 
but intercepts almost all the light. M. Melloni has 
established the general law in unciystalized substances 
such as glass and liquids, l^at the property of instantar 
neously transmitting heat is in proportion to t^eir re- 
fractive powers. The law, how^^ver, is entirely at fault 
in bodies of a crystaline texture. Carbonate of lead, 
for instance, which is colorless, and possesses a* very 
high refractive, power with regard to light, transnoits 
less radiant heat than Iceland spar or rock-crystal, 
which are very inferior to it in the order of refran- 
gibility ; while rook-Bait, which has the sam^ transpa- 
rency and refractive power with alum and citric acid, 
transmits six or eight times as ipuch caloric. This 
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Temarkabte diffdr^nce in tl^e trandmisstVB power of sub- 
stances having the same appearance, is atttibuted by M. 
MeUoni to their ciystaline form, asd not to the chemical 
•composition of their tmolecules, as the following experi- 
ments prove. A block of common salt' cut itato plates, 
entirely excludes caloriii'c radiation; yet when dissolved 
in water, it increases the transn^issive power of that 
fiquid : moreover, the transmissive power of water is 
increased in nearly the same degree, tvhetber salt or 
alum be dissolved in' it; yet mese two substances 
transmit very different quantities, of heat in their solid 
state. Notwithstauding the influence of crystalization 
'xm the transmissive power of bodies, no relation . has 
been traced between that ponder and the crystiQine form. 
The transmission of radiant heat is analogous to that 
of light through -colored media. When common white 
£ght, consisting of blue, yellow, and red tays; passes 
inrough a red liquid, almost all the blue and yellow rays, 
and a few of the red, are intercepted by the first Ifiyer 
of the fluid; fewer are iptercepted by" the Second, still 
less by the third, and so on : till at last the losdes become 
very small and invariable, and those rays alone are 
transmitted which give the red color to the liquid. In 
a similar manner, when plates of the same, thickness of 
any substance, such as glass, are exposed to an argand 
lamp, a considerable portion of the radiant heat is ar- 
rested by the first plates a less portion by the second, 
still less by the third, and so on,, the quantity of lost 
heat decreasing till at last the loss becomes a constats t 
quantity. Tl^e transmission of radiant heat through a 
solid mass follows the same laW. The losses are very 
considerable oU first entering it, but they rapidly dimin- 
ish in proportion as the heat penetrates deeper, and 
become constant at a certain depth. Indeed, the only 
difference between the transmission of radiant heat 
through a solid mass, or through the same mass when 
cut into plates of equtil thickness, arises -^om the small 
quantity of heat that is reflected at the surface of the 
plates. It is evident, therefore, that the heat grad- 
ually lost is not intercepted at the surface, but absorbed 
in die interioi* , of the substance, and that heat which 
has passed through one stratum of air experiences a less 
14 s2 
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i^sorption in each of liie succeeding strata, and may 
therefore be propagated to a greater distance before it 
is. extinguished. The experiments of M. de Laroche 
show, that glass, however thin, totally intercepts the 
obscure rays of caloric when thdy flow from a body 
whose temperature is lower than that of boiling ^ater ; 
that as the temperature increases, the calorific rays are 
transmitted more and more abundantly ; and .when the 
body becomes highly luminous, that thdy penetrate the 
glass with perfect ease. The extreme brilliancy of the 
sun' is probably the reason-why his heat, when br($ught tio 
a focus by a lens, is more inteilse than any that has been 
produced artificially. It k owing ' to (th6 samfe cause 
Ihat glass screens, which entirely exclude the heat of a 
common iire, are permeable by die solar caloric 

The results obtained by M. de Laroche have been 
confirmed by the recent experiments of M. Melloni on 
caloric radiated from sources of different tempeiBture^ j 
whence it appears that i^e calorific rays pass less abun-f 
dantly not only through glasd,. but through rock-crystal^ 
Iceland-spar, and other diaphanous bodies, both solid 
and liquid, according as the temperature of their origia 
is diminished, and ttiat they are altogether intercepted 
when the temperature is about that of boiling water.. 
, In ^ct^ he has proved that the -heat emanatiJig from, 
the sun or from, a bright flame consists of rays which 
difler from each other as much as tjie red, yellow, and 
blue rays do which constitute white light. This ex- 
plains the reason' of the loss of heat as it penetrates 
/deeper and deeper into a solid mass, ' or in. passing 
through a series of plates; for, of the different kirfds of 
rays which dart from a vivid flame, all are successively 
. extinguished by the absorbiiig nature of the substance 
through which they pass, tiU those homogeneous rays 
aldnfe reraaip which have the greatest facility in passing 
through ihat particular substance ; exactly as in a red 
liquid the blue and yellow rays are extinguished^ and 
the red are transmitted. 

M. Mellotii employed four sources ctf caloric, two of 
which were luminous and two obscure ; namely, an. oil- 
lamp without a glass, incandescent platina, copper 
heated to 696°, and a copper vessel filled with water at 
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the temperature of 178|^ of Fakrenheit. Eock-^alt 
trJELnsmitted heat, in the proportion of 92 rays out of 
100 from each of these sources; but all other suh- 
stances pervious to radiant -heat, whether solid or 
liquid, transmittj^ more caloric from sources of high 
temperature than ft-om such as are low. For instance, 
limfttd and colorlesft fluate of lime ti*ansmitted in the pro- 
portion^f 78 rays out of 100 from the lamp, 69 from 
the platina, 42 from the copper^ and 33 from the hot 
water; while transparent rock-crystal transmitted 38 
rays in 100 from the lamp, 28 from the platina, 6 
from the copper, and 9 from the hot water. Pure ice 
transniitted only in the proportion of 6 rays in tbe 100 
from the lamp, and entirely excluded those from the 
other three sources. Out of 30 di^erent ^ubstaijces, 
34 were pervious to the calorific rays from hot water, 
14 excluded those from the hot copper, and 4 did not 
transmit idiose from the platina. 

Thus it appears that heat proceeding from these four 
sources is of different kinds : this difference in the na- 
ture of the calorific rays is also proved by another ex- 
periment, which will be more easily understood from 
the analogy of light. Ked light emanating from red 
glass* will pass in abundance through another piece of 
red glass, but it will be absorbed by green glass : green 
rays will more readily pass through a green mediun) 
than through one -of any other color. This holds with 
regard to tSt colors ; so in heat. Rays of caloric of the 
jsiazne intensity, which have, passed through, differeut 
substances, are transmitted in different quantities by thp 
same piece of alum, and are sometimes stopped alto- 
gether ; showing that rays which emanate f^om different 
substances possess different qualities. It appears that 
a bright dame furnishes rays of heat of all kinds, in the 
«ame manner- as it gives light of all colors ; and as col- 
ored medi^ transmit soipe colored rays and absorb the 
re^t, so. bodies transmit some rays of caloric 'and^ ex- 
clude the 'others. Rocli^-salt alone resembl&s colorless 
transparent media in transmitting all kinds of. caloric, 
even the heat of the hand, just as they transmit white 
light, consisting of rays of' all colors. 

The property of transmitting the calorific rays di- 
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minishes to a certain degree with tiia thickness cdT the 
body they have to traverse, but not so much as might 
be expected. A piece of very transparent ali^m trans-o 
mitted thf ee or four times le^ radiant heat from the 
flatne of a lamp than a piece of nearly opaque quartz 
about Br hundred timBs as thick. However, the influ- 
ence of thickness upon the phenomena of transmission 
increases with -the decrease -of temperature in- the 
origin of th« rays, and becomes very great when that 
temperature is low. This is a circumstance intimately 
connected wi<h the law established by M. de Laroche;. 
for M. Melloni observed that the difference between 
.th6 quantities of caloric transmitted by the same platA 
of glass, exposed successively to several sources: of heat, 
dimiiiished with the thinness of the plate, and vanished 
altogether at a certain limit ; ai^ that a film of mica 
transmitted the same quantity of caloric, whether it 
was exposed to incandescent platina or to a mass of iron 
heated to 360°. , \ 

Colored glasses tranismit rays of light pf certain 
degrees pf r^frnngibility, and- absorb those of other 
degrees. For example, red glass absorbs the more 
refrangible rays, an(} transmits the red, which are the 
least refrangible,. ^ On tHe contrary, violet glass absorbs 
the least Tefrangible, and ti-ansmits the violet, which 
are the most refrangible. Npw M. Melloni has found, 
that although the coloring matter of glass diminishes its 
power of transmitting . heat, yet red, orange, .yellow, 
blue, violet, and white glass transmit calorific I'ays of all 
degrees of refrangibility. Whereas green glass possesses 
the pe6uliar property of transmitting the least refrangi- 
ble calorific ray«, and stopping those that are most re- 
frangible. It . has therefore the same elective action 
for heat that colored glass has for light, and its action 
on heat is analogous to that of red glass on light. Aliiin 
and sulphate of lime are exactly opposed' to green glass 
in their action on heat, by trafismitting the most re- 
frangible rays with ,the greatest facility. 

The, heat which has already passed through ^een or 
opaque black glass will not pass through^ alum, vviiile 
that which has been transmitted through glasses of 
other colors traverses it readily. 
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By reversing the experhnent, az^ exposing different 
substances to caloric that had already passed through 
alum, M. Melloni found that the heat emerging from 
alum is almost totally intercepted by opaque substances, 
and is abundantly transmitted by all such as are trans- 
parent and colorless, and that it Buffers no appreciable 
loss when the thickness of the plate is varied within 
certain limits. The properties of the heat therefore 
which' issues from alum, nearly approach to those of 
light ai^d solar heat. 

' Radiant heat in traversing various paedia is not only 
rendered more or less capable of being transmitted a 
second time^^but, according to the experiments of Pro- 
fessor Powell, it becomes mor& or less susceptible of 
being absorbed in different quantities by black or lihite 
surfaces. 

M. Melloni ha^ proved that solar heat contains rays 
whicl> are affecjted by different substances in the^sanie 
way as if the heaf proceeded from a terrestrial source ; 
. whence he concludes that the difference observed be^ 
tween the, transmission of terrestrial ;and solar heat 
arises from the jcurcumstances of solar heat containing all 
kinds of caloric, while in other sources jsome of the kinds 
are wanting. 

Radiant heat, from soiirces of any temperaturo what? 
ever, is subject to the same law^ of reflection and re- 
fraction as rays of light. The index of refraction from 
a prism of rock-salt determined experimentally, is nearly 
the same for light and. heat. 

Liquids, the various .kinds of glass, and probably all 
substances, whether solid or liquid, that do not crystal- 
ize regularly, are more pervious to the calorific rays 
according as they possess a greater refractive power. 
For example, the chloride of sulphur, which has a high, 
refractive power, transmits more of the calorific rays than 
the oils, which have a less refractive power : oils trans-^ 
mit more radiant heat than the -acids', the acids morei 
than aqueous solutions ; and the latter more than pure 
water, which oi all the series has. the least refractive 
power, and is the least pei*vious to heat. M. Melloni 
ol^served also, that each ray of the solar spectrum follows 
,the same law of action with that of terrestrial rays hav« 
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be ai lattle biejood the red extreixiiCT' ot' die $f;ectraTn : 
bfxt am w 'iu Mg to M. Seeiteck. it i» ^Dsasi to be npoo ciie 
jeiloffTt upoo tine eiraD-^e. ob the -red. or tf the dvk 
imit of the red, aceordine » the pri»i cooi^bts ol* 
water, solphiirie acrid, myvm or dint giiLs. If it be 
renHieeted that ra the spectrom from crown ^iass, the 
maximuw beat is 10 the red port, and that the sofar 
raj%^ m tnarermne a fiia» of water, soffer losses iawcnefy 
an their refrai^ibiJitj, it wil be easy to nnderstaod tbie 
reajM>n of the phenoroeooo in qaestioo. The sofar heat 
trbieh comes to the aoterior Uee of the prism of water 
eofwisti (d TKyn of all d^rees of refrangibifity. Now, 
the njn pOMensaDg the same index of refractioo with 
the re<\ light suffer a greater loss in passing tfiroogh the 
prism than the rays possessing the refraDgibUity of the 
orange li^t, and the latter lose less in their passage than 
the he»t of the yellow. Thna the losses, being inTorseiy 
proportional to the degree of refrangibifity of each ray, 
cause the point of maximnm heat to tend from the red 
toward the violet, and therefore it rests npon the yellow 
part. The prism of sulphui-ic ncid acting similarly, but 
with less energy than that of water, throws the point of 
graatest boat on the orange ; for the same reason, the , 
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crown and flint glass prisms transfer tbat point respec^ 
tively to tli« red and to its limit." M. Melloni, observing 
that the maximum point of heat is transferred farther 
and farther toward the red end qf the spectrum, ac- 
cording as the substance of the prism is more and more 
permeable to heat, inferred that, a prism of rock-^alt^ 
which possesses a greater power of transmitting the 
calorific rays than any known body, ought to throw the 
point of greatest heat to a considerable distance beyond 
the visible part of the spectrum, — an anticipation which 
experiment fully confirmed, by placing it as much be- 
yond the dark limits of the red^ays as the red part is 
distant from the bluish green band of the- spectrum, 
i In all these experiments, M. Mellonj. employed a' 
thermo-multiplier, — an itistrument that measures the 
intensity of the transmitted heat with an accuracy far 
beyond what any thermometer eter attained. It is a 
very elegant application of M. Seebeck's discovery ot 
thernao-electricity ; but the description of this instrument 
IS reserved for a future occasion, because the principle 
on which it is constructed has not yet been exjilained- 

In the beginning of the present century, not long after 
M. Mains had discovered the polarization of light, he 
aiid M. Berard proved that the heat which accompanies 
the sun*s light is capable of being polarized \ but their 
attempts totally failed with heat derived from terrestrial, 
and especially from non-luminous sources. ~ M. Berard, 
indeed, imagineul that he had succeeded; but when his 
experiments were repeated by Mr. Lloyd and Professor 
Powell, no satisfactory V result could be obtained. M. 
JVfetloni lately resumed the subject, and endeavored to 
effect the^pdarizfttion of heat by tourmaline, as in the 
case of light. It was already shown that two slices of 
tourmaline cut parallel to the axis of the crystal, trans- 
niit a great portion of the incident light wh^n looketd 
through with their axes parallel, and almost entirely ex- 
clude it when they are j^rpendicular to one another. 
Should judiant heat be capable of polarization, the quan- 
tity transmitted by the slices of tourmaline in their for- 
mer position ought greatly to exceed that which passes 
through them in the latter, yet M. Melloni found that 
thflquaotity of heatwas the same in both cases: whence 
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he^ inferred that heat from a terrestrial source is inca- 
pable of being polarized. Professor Forbea of Edin- 
burgh, who has recently prosecuted jthis subject with 
grea,t acuteness^nd success, came to the same conclu- 
sion in the first instanpe ; but it occurred to him, that as 
the pieces of tourmaline Jbecame heated by being very 
near the lamp, the secondai-y radiation from them reur 
.dered the veiy small difference in the heat that was 
transmitted in the two positions of tha tourmalines im- 
perceptible. The same cqnolusion had been came at 
by M. Melloni; nevertheless Mr- Forbes succeeded in 
proving by numerous observations, that heat from vari- 
ous sources was polarized by the tourmatine ; but that 
the effect with non-luminous heat was very minute anid 
difficult to perceive, on account of the secondary radiar 
tion. Though light is almost entirely excluded in one 
position of the tourmalines, and transmitted in the other, 
a vast quantity of radiant heat passes through them in 
all positions. Eighty-four per cent.. of the heat from an 
argand lamp passed through the tourmalines in the case 
where light was altogether stopped. It is only the dif- 
ference in the quantity of transmitted heat that gives 
evidence of its polarization. The second slice of tour- 
maline, when^ perpendicular to the first, sto^s all t^e - 
light, but transmits a. great proportion of heat ; alum, on 
the contrary, stops almost all the heat and transmits the 
light; whence it may be^concluded that heat, thought 
intimately partaking the nature of light, and accompany- 
ing it under certain circumstances, as in reflection and 
refraction, is capable of dmost'com^lete separation from 
it under others. The separation has since been pe)r- 
fectly effected by M. Melloni, by passing a beam of light 
through a combination of water and green glass, colored 
by the Oxide of copper. Even when the transmitted 
lijg^ht was concentrated by lenses, so as to render it. almost 
as brilliant sis the direct light of the sun, it showed no 
sensible heat. < ^ 

Professor Forbes next employed two bundles of lam- 
inae of mica, placed at the polarizing angles and so cut 
that the plane of incidence of the heat corresponded 
with one of the optic axes of this mineral. The heat 
transmitted through thb apparatus was, polarized when,. 
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from a source whose temperature was even as low as 
200®, heat was also polari^d by reflection; but the eic^ 
periments, though perfectly successful, are more diffi- 
cult to conduct* 

It appear from the various experiments of M. Mel- 
loni and Professor Forbes, that all the calorific rays enoa- 
nating from the sun and terrestrial sources arp equally 
capable of being polarized by reflection and by refrac- 
tion, whether double or simple, and thiEit t^ey are also 
capable of circular polarization by all the methods em- 
ployed in ^e. circular polarization of light. Plates of 
quartz cut at right angles to the axis of the prism, pos- 
sess the property of turning the calorific rays in any 
direction, wiule other plates of the jsame substance from 
a diflerently modified prism cause the rays to rotate in 
the contrary direction ; and two plates combined, when 
of (^erent aflection, and of equal thickness, counteract 
each other's efifects, as in the case of light. Tourmaline 
separates the calcjTic into two parts, one «f which it ab*- 
florbs, while it transmits the other ; in short» the trans^ 
mission of i*adiant heat is precisely similar to diat of light. 

Since heat is polarized in the san>e manner as light, it 
may be expected that'polarized heat transmitted through 
doubly refracting substances should be separated into 
two pencils; polarized in planes at right angles to each 
other; and that when received on an analyzing plate 
they should interfere and produce invisible phenomena, 
perfectly analogous to those described in Section XXII. 
with regard to light (N. 212). 

It was shown in the same section, that if light polar- 
ized by reflection froma pane of glass be viewed through 
a plate of tourmaline, with* its longitudinal section verti- 
cal, an obscure cloud, with its center wholly dark, i^ 
seen on the glass. When, however, a pl^te of mica 
uniforinly about the thirteenth of an Inch in thickness 
is interposed between the tourmalinie and the glass, the 
dark spot vanishes, and a succession of very splendid 
colors is 'Seen; and as the mioa is turned round in a 
plane perpendicular to the-, polarized ray* the light is 
stopped when the plane containing the optic axis of the 
mica is parallel or perpendicular to. the plane of polar-, 
ization. Now instead of light, if heat from a non-lumi* 
T 



21 8 POLARIZATION OP CALORIC. Sw?r. XXV. 

nous soiiTce b6 polarized in the ""tnann'er described, it 
ought to be transmitted Und stopped by the interposed 
mica under the same circumstances under which polar- 
ized light would be transmitted or stopped^ Professor 
Forbes has found that this is reafly the case, whether he 
employed heat from luminous or non-luminous sources : 
and he had evidence also of circular and elliptical polar- 
ization of heat. It therefore follows that if heat were 
visible, under sinailar circumstanced we should see fig- 
ures perfectly similar to those given in Note 207, and 
those following; and as these figures are formed by the 
interference of undulations of light, it may be inferred 
^ that heat, like light, is propagated by undulations of the 
ethereal medium, which interfere under certain condi-^ . 
tions, and produce figures analogpus to those of light. 
It appears also from Sjir. Forbes's experiment^, that the 
undulations of heat; are probably longer than the undu- 
lations of light. 

Since the power of penetrating glass increasesin pro- 
portion as the radiating caloric approaches the state of 
light, it seemed to indicate that the same principle takes 
the form of light or heat according to the modifica1;ion 
it received, and that the hot rays are only invisible light; 
and light, luminous caloric. It v^s natural to infer, that 
in the gradual approach of invisible caloric to the condi- 
tion and properties of luminous caloric, the invisible 
rays must at first be analogous to the least calorific part 
of the spectrum, which is at the violet extremity— an 
analog which appeared to be greater, by all flame 
being at first, violet or blue, and only becoming white 
when it has attained its greatest intensity. Thus, as 
diaphanous bodies ti'ansmit light with the same fisicility 
whether proceeding from the sun or from a glovmorm, 
and as no substance h'ad hitherto been found which in- 
stantaneously transmits radiant caloric coming from a 
source of low temperature, it was concluded that no 
such substance exists, and the great diflference between 
the ti-ansmission of light and radiant heat was thus re- 
ferred to the nature of the agent of heat, and not to the 
action of matter upon the calorific rays. M. Melloni, 
however, has discovered in rock-salt a substance which 
transmits radiant heat with the same facility whether it 
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originates in tlie brightest flame or lukewarm water, 
and which consequently: possesses the same perniefibilily 
with regard to heat that all diaphanous bodies have for 
light. It follows, therefore, that the impermeability of . 
das's and other substances for radiant heat arises from 
their action upon the calorific rays, and not from the- 
principle of caloric. But al^ough &iis discovery changes 
the received ideas drawn^from M.de Laroche's experi- 
mentS) it estalblishes a new and unlooked-for analogy 
between these two great agents of nature. True it is 
that the separation of the luminous and calorific rayd 
shows that they must owe their immediate origin to two 
different causes, at the same time it is quite .possible 
that these two causes themselves may be only different 
effects of on& single cause. The probability of light and 
heat being modifications of the same principle is not 
diminished fay the calorific rays being unseen, for the 
condition of visibility or invisibility may only depend 
upon the construction of, our eyes, and not upon the 
nature of the agent which produces these sensations in 
us. The senate of seeing may be confined within certain 
limits. The chemical rays beyond the violet end of the 
spectrum may be too rapid, or not sufficiently excursive 
in their vibrations to be vii^e to the human eye^ and 
the calorific rays beyond the other end of the spectrum 
may not be «ufficiently rapid, or too extensive, in their 
undulations^ to affect our optic nerv^, though both may 
be visible to certain animals or insects. We are alitor 
gether ignorant of the perceptions whichdirect the cat*- 
rier-rpigeon to his home, or of those in the antennsB of 
insects which warn them of the approach of danger; 
nor can we understand the telescopic vision which di- 
rects the vulture to his prey before he himself is visible 
even as A speck in the heavens (N, 213). So likevrise 
beings may exist on earth, in the air, or in the watersi 
which hear sounds our ears are incapable of hearing, 
and which see rays of light and heat of which we are 
tmconsciqus. Our perceptions and fiiculties are limited 
to a very small portion of that immeniae chain of exist- 
ence which > extends ffom the Creator to evanescence^ 

The identity of action under similar circumstances is 
one of the strongest arguments in favor of the common 
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oature of the chemical, visible, and calorific rays. They 
are all capable of reflection from polished surfaces, of 
refraction through diaphanous substanpes, of polarisation 
by reflection and by doubly refracting crystals : none of 
these rays add sensibly to the ^weight of matter; their 
velocity is prodigious ; they may be concentrated and 
dispersed by convex and concave mirrors ; they ^pass 
with equal facility through rock-salt, and are capable of 
radiation ; the chemical rays are subject to the same 
law of interference with those of . light ; and although 
the interference, of the calorific rays has not yet been 
proved directly, the indirect evi<}ence placos- it beyond a 
doubt. As the action of matter in so many cases is the 
same on the v^hole assemblage of )*ays, visible and 
invisible, which constitute a solar beam, it is more than 
probable that the obscure as well as the luminous part is 
propagated by the undulatibns of an imponderable ether, 
and consequently comes under the same laws of analysis. 
When radiant heat falls upon a surface, part of it is 
reflected and part of it is absorbed ; - consequently the 
best reflectors pessess the least absorbing powers. The 
tomperature of very transparent fluids is not raised by 
the passage of the sup's rays, because they do not 
absbrb any of them : and as his heat is very intense, 
transparent solids arrest a y.erj smal( portion of it. 
The absorption of the sun's rays is the cause both of 
the color and > temperature of solid bodies. A black 
substance absorbs all the rays of light and reflects none; 
and since it absorbs at the same time all the calorific 
rays, it becomes sooner wcurm, and rises to a higher 
temporature than bodies of ^ any other cok>r. . Blue 
bodies come next to black in their power of absorptionr. 
Of all tile colors of tho solar spectrum, the blue pes* 
sesses least of the heating power ; and since substances 
of a blue tiiit absorb all the other colors of the spectrum, 
they absorb by far the greatest part of the calorific rays, 
and reflect the blue wher@ they are least abundant* 
Next in order come the green, yellow, red, and last a£ 
all, white bodies, which reflect nearly all the rays both 
of light and heat. However, there are certain limpid 
and .colorless media, which >in some- cases intercept 
calorific radiations and become heated, while in other 
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eases they transmit them' and undergo no change of 
temperature; " ' 

All substances may be considered to radiate caloric, 
whatever their temperature may be, though with dif- 
ferent intensities, according to their nature, the state of 
their surfaces, and the temperature of the medium into 
which they -are brought. But every surface absorbs' as 
well as radiates caloric;; and the power of absorption* 
is always equal to that of radiqition ; for under the same 
circumstances, matter which becomes soon warm also 
cools rapidfy. 'There is a constant tendency to an 
equal -diffusion of caloric, since every body in nature is 
giving and receiving it at th^-same ipstant : each will be 
of uniform temperatn"re when the quantities of caloric 
given and received during^ the same time are equal,— ^ 
that is, when _a perfect compensation takes place be- 
tween, each and all the rest. Our sensations only 
measure comparative degrees of heat : when- a body, 
such as ice, appears to be cold, it imparts fewer calorific 
rays than it receives^; and when a substance seems to 
be virarm, — ^for example, a -fire, — it gives more caloric 
than it teikes. J The /phenomena of dew and hoar-frost 
are owing to this inequality of exchange ; the caloric 
radiated during the night by substances on the surface ~ 
of the earth into a clear exptose of sky is lost, and no 
return is made from the blue vault, so that their tem-? 
perature sinks below that of the air, whence they 
abstract a part of that caloric -^which holds the atmos* 
pheric humidity in solution, and a deposition of dew 
takes place. If the radiation be great, the dew is 
frozen and becomes hoar-frost, which is the ice of dew. 
Cloudy weather is unfavoraWe to the formation of dew, 
by preventing the free radiation of caloric ;'and actiittl 
contact is reqmsite for its deposition, since it is never 
suspended in the air like fog. Plants derive a great 
part of their noui^hment from this source ; and as each 
possesses a power of radiation peculiar to itself, they 
are capable of procuring a sufficient "supply for their 
wants. The action of the chemical rays imparts to all 
substances more or less the power of condensing vftpbr 
on those 'parts on which they fall, and must therefore 
have. a considerable influence on the deposition of dew. 
t2 
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Kam k fprmed by the mixing of two masses of air of 
different temperatures ; the colder part, by abstracting 
from the other the heat which holds it in solution, occa- 
sions the particles to approach each other and fomr 
drops oi water, which, becoming too heavy to be sus- 
. tained by the atmosphere, sink to the earth by gravita- 
tion in the form of rain. The contact of two strata of 
fur of different temperatures, moving rapidly in; opposite 
directions, occasions an abundant precipitation of rain. 
When the masses of air differ very much in tempera-^ 
ture, an4 meet suddenly, hail is formed. This happens 
frequentfy in hot plains near a ridge of mountains, as in 
the south of France; but no explanation has hitherto 
beeu given of the cause of the sevei'e hail- storms which 
occasionally take^ place on extensive plains within the 
trop^ss. 

An accumulation of caloric invariably produces light : 
^ith-the. exception of the gases, aU bodies which can 
endure, the requisite^ degree of heat without decompo- 
sition begin to emit light at the same temperaturer ; but 
when the quantity of calOrIc is so great as to render the 
affinity jof their component particles less than their 
affinity for the oxygen of the atmosphere, a chemical 
combination takes place with the oxygen, light ^d heat 
are evolved, ' and fire is produced. Combustion— ao 
essential for our comfort, and even existence — ^takes 
place very easily fi-om the sihalPaffinity bietwe^^ the 
component parts of atmospheric air, the oxygen being 
nearly in a free state ; but as die cohesive force of the 
particles- of different . substances is .very variable, differ- 
ent degrees of heat are requisite ^to produce their com- 
bustion, The tendency of heat to a state of equal 
diffusion or equilibrium, either* by. radiation or contact, 
makes jt necessary that the .chemical combination which 
occasions combustion should take place instantaneously ; 
for if the heat were developed progressively, it yvould 
be dissipated by degrees, and would nev.er accumulate 
«uificiently to produce a temperature high enough for 
the evolution of flame. 

It is a general law that all bodies expand by heat and 
contract by cold. The expansive force of caloric has a 
constant tendency to overcome the attraction of cohesiom 
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and to' separate the. constituent particles of sbEds and 
jduids ; by this separation the attraction of aggregation is 
more and more weakened, till at last it is, entirely over- 
come, or even changed into repulsion. - By the continual 
addition of caloric, soUds may be made to pass into liquids, 
and from liquids to the a6riform state,. the dilatation in- 
ci:easing with the temperature ; and-every substance ex- 
pands according, to a law of ijta own. Gases expand mpre 
than liquids, and liquids more than sol|ds; The expan-^ 
sion of air is more than eight times that of water, and the 
increase, in the bulk of water is at least forty^five times 
greater than that of iron. Metals dilate uniformly from 
the freezing to the boiling points of the thermometer ; 
the uniform expansion of diie jgases extends between still 
wider limits ; but as liquidity is a state of transition from 
the solid to the aeriform condition, the equable dilatation 
of liquids has not so extensive a range. This change of 
bulk, corresponding to the variation of heat, is one-of the 
most impoitant of its effects, since it furnishes the means 
of measuring relative, temperature by the -thermdmetor 
and pyrometer. . The rate of expansion of solids varies 
at their transition to liquidity, and ttiat Of liquidity is no 
longer equable -near their change to an aeriform statie. 
There are exceptions however to the general laws of 
expansion; some liquids have a maximum density corres- 
ponding to a certain temperature, and dilate whether that 
temperature be increased or diminished. For example 
— ^water expands whether it be heated above or cooled 
below 40°. The sc^dification of some liquids, and es- 
pecially their crystalization, is always accompanied by an 
increase of bulk. Water dilates rapidly when conyerted 
into ic^, and with a force sufficient to split the hardest 
substances. The formation of ice is therefore a pow- 
erful agent in the disintegration and decomposition of 
rocks, operating as one of the. most efficient causes of 
local changes in the structure of the crust of the earth ; 
of which- w^ have experience in the tremendous ihoule- 
ments of mountains in Switzerland. 

The dilatation of substances by heat, and their -con- 
traction by cold, occasidn<-such irregularities in the rate 
■ of clocks and watches as would render them unfit for 
astronomical or nautical purposes,^were it not for a very 
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beautifal application of the laws of u&eqaal expansion. 
The oscillations of a pendulum are the same as if its 
whole mass were united in one dense particle, in a cer-^ 
tain point of its length, called the center of oscillation/ 
If the distance of this point from the point by which the ' 
pendulum is suspended, were invariable, the rate of the 
block would be invariable also. The difficulty is to neu- 
tralize the effects of temperature, which is perpetually 
increasing or diminishing^ its length. Among many con- 
trivances, Gi-aham's compensation pendulum is the most 
pimple. He employed a glass tube containing mercury: 
When the tube expands from the effects oflieat, the 
mercury expands niuch more ; so that its surface rises 
a little more than the end of the pendulum is depressed, 
and the center of oscillation remains stationary. Har- 
rison invented a pendulum which consists of seven bars 
of steel and of brass, joined in the shape of a gridiron, 
in such a mfuaner that if by change of temperature the 
bars of brass raise the weight at the end of the pendu- 
lum, the bars of steel depress it as much. In general, 
only ^ve bars are used ; three being of steel and two a 
mii^ture of silver and zinc. The effects of temperature 
an) neutralized in chronometers upon the same princi- 
ple ; and to such perfection are they brought, that the 
loss or gain of one second in twenty-four hours for two 
djays running would render one unfit for use. Accuracy 
in surveying depends upon the compensation rods em- 
ployed in measuring bases. Thus, the laws of the \ine- 
qual expansion of matter judiciously applied have an 
immediate influence upon our estimation of time: of 
the n^otions of bodies in the heavens, and of ^eir fall 
upon the earth; on our determination of the figure of 
the globe, and on tfur system of vs'eights and measures ; 
ou our commerce abroad, and the mensuration of our 
lands at home. 

The expansion of the crystaline substances ti^kes place 
under very different circumstances from the dilatation 
of such as are not crystalized. The latter become^ both 
longer and thicker by an acession of heat, whereas M. 
Mitscherlich has found that the former expand^ differ- 
ently in different directions ; and in a jwrticular instance, 
extension in one direction is accompanied by contraction 
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in another^ The internal structure of crystafized mat- 
ter, must be vety peculiar, thus to modify the expansive 
power of heat, and so materially to influence the trans- 
mission of caloric and the visible rays of the spectrum. 

Heat is propagated with more orless rapidity through 
all bodies ; air is the worst conductor, and consequently 
mitigates the severity of cold climates by preserving the 
heat imparted to the earth by the sun. On the con- 
traiy, dense foodies, especially metals, |x>ssess, the power 
of conduction in the greatest degree, but the transmis- 
sion requires time. If a bar of iron twep^ inches long 
be heated at one extremity, the caloric takes four min- 
utes in passing to the other. The particle of the metal 
that is &rst heated communicates its caloric^ to the sec- 
ond, and the second to the third ; so that the temperature 
of the intermediate molecule at any instant is increased 
by the excess of the temperature of the fbrst above its 
own, and diminished by the excess of its own tempera- 
ture above diat of the third. That however will not 
be the temperature, indicated . by the thermometer, be- 
cause a» soon as the piu1;iele is piore heated than the 
surrounding atmosphere, it loses its caloric hy radiation, 
in proportion to ^e excess of its actual temperatunt 
above that of the air. The velocity of the discharge is 
directly proportional to the temperature, and inversely 
asTtbe length of the bar. As there are. perpetual varia- 
tions' in the temperature of all teri>estrial substances and 
of the atmosphere, from the rota^tion of the earth, and 
its revolution round the sun, from, cpmbystibn, finction, 
fermentation, electricity, and an iqfinify bif other causes, 
the tendency to restore the .equability of temperature 
by, the transmission of caloric mui^t maintain all the 
particles of matter in a state of perpetusil oscillation, ' 
which will be moreior less rapid according to the con- 
ducting powers of the^ substances. From flie motion of 
the heavenly bodies «bout their axes, and «dso round the 
^nn, exposing them to perpetual changes of temperature, 
it may be inferred that similar causes will produce like 
effects in them too. There Volutions of the double ^tars 
show that they are not at rest; emd though we are to- 
tally ignorant of the changes that may be goiiig^ on in the 
nebulae and millions of other remote bodices, it is hardly 
15 
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possible that they should be in absolvEte repose.; so that, 
9s far as our koowledge fixteQ<is> hm^Uod seema to be a 
law of matter. . . : 

Heat applied to the surface 0f a fluid is propagated 
downward very slowly, the warmer and consequently 
lighter strata always remaining at the top. This is the 
reason why the watei^ at the bottom of lakes fed from 
alpine chains is so cold ; for the heat of the sup is traiia^ 
fused but a little way below the surface. When heat 
is applied betlow a liquid, the particles cOntimially rise 
as Aiey become sjpecifipaUy lifter in oonsequmice ^of 
the caloric, and diffuse it through the mass, their pla^ 
being perpetually supplied by those that are more dense. 
The. power of conducting heat varies materially in dii^ 
ferent liquids. Mercu^ popdupta twice as ^t ^ an 
equal bulk of water, which is the reason wjiy it a^qiears 
to be so cold. A hot body difiuses its caloric in the aip 
l^ a double process* . The air in QoatM^ With^ it being 

^heated and becoming lighter, ascepda and scatters its 
caloric, while at. the same time another partioa is dis* 
charged in strai^t lines by the rai^ting powera of the 
suiiace. Hence a substance' cools more rapiSy in air 
j^an in vacuo^ because in the latter case the process is 
carried on by radiation alpae. It is probable that the 
earth, having dri^nfilly been of v^iy high temperatare, 
has become cooler by radiation only. The etihereal 
medium must be too rare to carry off much caloric. 

Besides the degree of heat indicated by the thesmom*- 
eter, caloric pervfdes bodies in an imperceptible or latent 
state ; and their capacily for heat is so various, that veiy 
different quantities of caloric are required to raise differ- 
ent substances to the same sensible temperature ; it is 

» therefore evident that much of the caloric is absorbed, 
or becomes latent and insensible to the thermometer. 
The portion of caloric requisite to raise a body to a given 

Jeniperature is its specific heat ; but latent heat is th^t 
portion of caloric which i^ employed in changing the stat^ 
of bodies from scdid to liquid, and from liquid to vapor. 

^ When a solid is converted into a liquid, a greater qoan*'- 
tity of caloric enters into it than can be detected by the 
thermometer; this < accession of cabric does not make 
i)^e body warmer, though it converts it into a liquid, and 
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is the principal >»iMe of its fluidity. Ice mmains at the 
tempeFature of 32^ of Fahrenheit till it has cdmbined 
with or absorbed 140^ of caloric, and then it melts, bnt 
without raising the temperature of the water above 32^ ; 
80 that water is a compound of ice and caloric. On 
the contrar^^f when a liquid is converted into a solid, a 
quantity of caloric leaves it without any diminution of 
temperature. Water at the temperature of 32° must 
part with 140° of caloric before it freezes. The slow- 
ness wi^ which water freezes, or ice thaws, is a. con- 
sequence of the time required to give out or absorb 140^ 
oflatent heat. A considerable degree of cold is often felt 
during a thaw« becausie the ice, in its transition frtim a 
solid to ajiquid state, absorbs sensible heat from the atmos- 
phere and other bodies, and by rendering it latent main- 
tains them at tihe temperature of 32°'whfle melting. - Ac- 
cording to the same principle, vapor is a combination of 
clUorie with a Uquid. By the continued application cf« 
heat, liquids are converted^ into vapor or steam, which 
is invisible Aokl elastic like common air. Under the 
<Hrdinary pressure of die atm<»^i^ere, that is,, when the 
barometer stands at 304nches, water acquires abonstant 
accession of heat till its temperature rises to 212° of 
Fahrenheit ; after that it peases to show any increase 
in heat,J>ut when it has absorbed sn additioiled 1000° of 
(isaloric it is converted mto steam. Consequently, about 
1000° of latent heat exists in steam without raising its 
tempetature, and steam at 212° must part with the same 
quantity of latent caloric when condensed into water. 
Water boils at different temperathres under different 
degrees of pressure. It boils -at a lower temperature 
on the t6p of a mountain liiah in the plain below, 
because the weight of tibe atmosphere is less at the/ 
higher station. There is no limit to^titie teniiperatnre 
to which water might be raised ; it might even be made 
1^-hot, could a vessel be found strong enough to resist 
tlie pressure. The expansive force of steam is in pro- 
portion to the temperature ut which the water boils ; it ^ 
may therefore be increased to a degree that is only lim- * 
ited by our inability to restrain it, and is tiie greatest 
power that has beea made subservient to the wants of 
man* * 
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• It .ii found that the absolute quantity of heat consumed 
in the process of converting water into (fteam is the same 
at whatever temperature water may boil, but that the 
latent heat of steam is always ^eater exactly 10 the same 
proportion as its sensible heat is less. Steatn raised at 

^212° under the ordinary pressure of the atmosphere, , 
'BUd^ steam raised at 180° under half that pressure, con- 
tain the same quantity of heat, with this difference, that 
the one has more latent heat an<Sleds sensible heat thaii 
the other.. It is evident that the same quantity of beat 
is requisite for converting a given weight of water into 
steam, at whatever temperatare ur under whatever 
pressure the water may be boiled; sind therefore in the 
ste^m eflgine, equal weights of steam at a high pressure 
and a low pressure are produced by the same quiantitf 
of fuel; «id- whatever the pressure of the stei^ may 
be, liie consumption of fuel is proportional to the quan- 

ijlity of water converted into vapon ' Steam at a'- high 
pressure expands as soon as it conoes into the air, by 
which some of its sensible heat becomes latent ; and as 
it naturally has less sensible heat than steam raised under 
low pressure, its actual temperature is reduced so much 
that the hand may be plunged into it without injury tiie 
instant it issues from, the oxiiice' of a boiler. 

The elasticity or teiteion of steam, like that of common 
air, varies inversely as its volume; that is, when the 
space it occupies is doubled, its elastic force is ^reduced 
one-half. The expansion of steam is indefinite; the 
smallest quantity of watelr when reduced to the form of 
vapor, will occupy many milliojas of cubic feet ; a wonder- 
ful illustration of the minuteness of the ultinmte parti- 
cles of matter ! The latent heat absorbed in the forma- 
tion of steam is given out again by its condensation. 
' Steam is formed throughout the whole mass of a 
boiling liquid, whereas evaporation takes place only at 
the free surfaces of liquids, and that unde): the ordinary 
temperature and pressure of the atmosphere. There 
is a constant evaporation from the land and water all 

* over the earth. ^ The rapidity of its formation does not 
altogether depend upon the dryness of the air ; according 
to Dr. Dalton's experimients, it depends also on the dif- 
ference between the tension of the vapor which is form- 



Sect. XXV. APPLICATIPN OP HEAT. 229 

tag and- that which 19 ah-etfdy in the atmosphere^ In 
calm weather, vapor accumulates in the stratun^ "of air 
immediately above the evap9rating surface, and retards 
the formation of more ; whereas a strong wind accele- 
raites the process, by carrying off the yapor as sodn as 
it rises, and vmaking way for a succeeding portion of 
dry air. ' 

The latent heat of air and all elastic fluids may be 
forced out by i^udden ctopression, like squeezing water 
ouiof sponge. The quantity of heat brought into action 
in this way is very well illustrated in the experiment- of 
igniting a piece of timber by the sudden compression of 
air by a piston thrust into a cylinder closed at one end : 
Jcfae development of heat on a stupendous scale is exhib- 
ited in lightning, probably produced in part by the violent 
compression of the atmosphere during the passage of 
the electric fluid. Prodi^ous quantities of heat are 
con^t^tly becoming latent, or, are disengaged l>y ths 
changes' of condition to which substances are liable in 
passing from the solid to the liquid^ and from the liquid 

- to the gaseous form, or the contraiyf occasioning endless- 
vicissitudes of temperature over the glob^. . 

There are many other Sources of heat, such as com- 
bustion, friction* and percussion, 9II of which are only 
means of calling a power 'Into evkbnce which already 
exists. , 

The application of heat to the various branches of the 
mechiaical and chemical arts has, within a few years, 
effected a greater cl^ange in. the condition of man than 
had been accomplished in any equal period of his exist- 

. ence. ' Armed by the expansion and condensation of 
fluids with a power equal to that of the lightning itself, 
conquering time and space, he flies over plains, and trav- 
els on paths cut by human industry even through moun- 
tains, with a velocity and smoothness more like planetary 
tha& terrestrial motion ; he crosses the deep in opposi- 
tion to wind and tide ; by releasing the strain on the 
cable, he riderat anchor fearless of the stornv; he makes 
tiie- elements of air and water the carriers of warmtlM^ 
not 6nly to banish winter from his home, but to adorn it 
even during the snow-storm with the blossoms of spring; 
and, like a magician, he raises, frort) the gloomy and 

■ U 
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deep^ abyw of the inine, the spirit of figlit to dispd ^9 
midiiight darkness. 

It has been observe^ that heat» like light and sonnd, 
probably consists in the undolatioDs of an elastic medium. 
All the principal phenomena of heat may actaally be 
illustrated by a comparison with those of Gtoond. The 
excitation of heat and sound are not only similar bul 
often identical, as in friction 'and percussion ; they are 
both commiinicated by contact and radiation ; and Dr. 
Young observes, that the effect of radiant heat in raising 
the temperature of a body upon which it falls, resembles 
the sympathetic agitation of a string when the ^oond of 
another string wluch is in unison with it is transmitted 
through the air. Light, heat, sounds and the wares of 
flmds, are aU subject to the same laws of reflection, and 
indeed their nndulatory theories are perfectly similBr. 
If, therefore, we may judge frcMn analogy, the nndula^ 
tibns of so^ie of the heat-prodndng rays must be lees 
frequent tlnn those of the extreme red of the solar spec- 
trum ; but the analogy is now perfect, since die inter- 
ference of heatris no longer amaEkter of douH: hence 
the interference of two hot. rays n^ust produc* coM ; 
darkness results from the interferenee ^ two UDdnla- 
tions of light ; silence ensues from the interference of 
two unduktioiis of soond ; and still water, or no tide, is 
the consequence of the interference of two tides. The 
propa^tion of sound, howerer, requnFoea much denser 
medium tiian that either of light or neat; its intensity 
diminishes as the raiity of tiie air increases; sci that, at 
a very small height above the surfkce of the eturth, the 
noise of tise tempest ceases, and the thunder is heard 
no^^nore in those boundless regions wh«re the hearenly 
bodies accprnphsh their perio& in eternal and subhme 
silenoe. 

A consciousness of the fidlacy of our senses is one of 
the most important conseqi:tences of the study of nature. 
This 9tudy teaches us that no object Is^seen by us. in its 
true place, owing to aberration ; that the colors of suIik 
stances are sc^ly the effects of the action of matter upon 
fight ; and that l^t itself, as well as heat and sounds are 
not real beings, £it mere modes of action oommnnicated 
to our perceptions' by the nerves. The human f^aoi^ 
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BMiy t^»rei<M« be i^garded as an elastic system, the difi~ 
ferent iMutS of which are bttpeble of receiving the tremors 
of elastic media, atid bf vibratingin unison with any num- 
l^r of superposed nndulation^t all of which have their 
perfect and independent effect. Here* our knowledge 
ends } the mysterious influence of matter on mind will 
m all probabifity be forever hid from man* 

A series of experiments by Sir John ^erschel has 
disclosed a sew set of obscure rays in the solar spec- 
trum, which seem to bear th^ same relation to those of 
heat that the photographic or chemical rays bear to the 
luminous. They are situate in that part of the spec- 
trum which is occupied by the less refrangible visible 
colors, and have been naiqed by their discoverer Parather- 
mic rays. It must be held in remembrance that the 
r^gioii of greatest heat in the solar spectrum lies in ther 
dark space beyond the visible red. Now Sir John Her- 
sohel fovmd that m experin^uts with a solution of gum 
guaiacnm in soda, which gives the paper a green colpr, 
die green, yellow, orange, and ried rays of the spectrum 
invariably cHsoharged the color, while no effect was pro- 
duced by the extra-spectral rays of caloric, which ought 
to have had the greatest effect, had heat been the cause 
of the phenomenon. When an aqueous solution df 
chlorine was poured over a slip^ paper prepared with 
|rum guiuacum dissolved in soda, a color varying from a 
deep somewhat greenish hue to a fine celestial blue w%is 
^en to it ; and when the solar spectrum wi|s thrown 
on the paper while moist, the color was discharged from 
all the space under the less refrangible luminous rays, 
at the same time that the more distant thermic rays 
beyond the spectrum evaporated the mpisttu^ from the 
«pece on which they feU : so that the heat spots became 
app«r0nt. But the, spots disappeared as the paper 
dried^ leaving. the surface unchanged;^ while the photo- 
graphic impression within the visible spectrum increased 
in intensity, the suon-luminous- thermic rays, thou^ 
evidently active as to heat. Were yet incapable of effect- 
ing that peculiar chemical change vfhich other rays of 
much less heating power were all the time producing* 
Sir John having ascertained that an artificial heat from 
180*' to 280^ of Fahrenheit changed the gileen tdnt of 
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gum guaiacum to its original yellow hue -when moigt, 
but that it had no such effect when dry, he therefore « 
tried whether heat from a hot iron applied to the back 
of the paper used in the last-mentioned experiment 
while under the Jnfluence of the ^olar spectrum might 
not assist the action of the calorific rays 4 but instead of 
doing so, it greatly accelerated the discoloration over the 
spaces occupied by the less rel^angible rays, but had^ no 
effect on the e^stra-spectral region of maximum beat. 
Obscure terrestrial heat therefore is^ capable 'of assisting 
and' being assisted in effecting this peculiar change by 
those rays of the spectrum, 'whether luminous or ther- 
mic, which occupy its ^red, yellow,, and green re^CMis, 
while on the other hand it receives no such assistance 
from the pui'ely thermic rays beyond the spectrum 
acting under similar circumstances and in an equal state 
of condensation. ' ' , 

The conclusions drawn from these experiments are 
confirmed by that which follows : a photographic picture 
formed on paper pi-epared with a mixture of the solu^ 
tions of ammonia-citrate of i^on and ferro-sesquicyanite 
of potash in equal parts, then thrown into water -and 
afterward dried, will be blue and negative, that is to 
say, the lights aud shadows will be the reverse of. what 
they are in nature. If in this state the paper be washed 
with a solution of proto-nitrate of m^cUry, the^ picture 
will be discharged : but if it be well washed ao^l^dri^^ 
and a hot smoothing iron passed over it, the picture in- 
stantly reappeara, not blue, but^ brown: if kept sonilft 
weeks in fliis state in perfect darkness between" the 
leaves of a portfolio, it fades and almost entirely vanishes, 
but a fresh application of heat restores it to its full origi- 
nal intensity. This curious change is not the effect of 
light, at least not of light alone. A certaiu temperature 
must be attained, and that suffices in total darkness : yet 
on exposing to a very concentrated spectrum a slip of the 
paper used in the last experiment, after the uniform 
blue color has been discharged and a white ground left, 
this whiteness is changed to brown over the whole re- 
gion of the red and orange rays, but not beyond the 
luminous spectrum. ^ . > ■ 

Sir John thence concludes — ^^Ist. That it is the heat 
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of these rays, not their light, which oporates thd 
change ; 2dly. That: this heat possesses a peculiar 
chemical qiiidity which is not possessed by the purely 
calorific rays outside of the visible spectrum, though f%r 
more intense ; and, 3dly. That the heat radiated from 
obscurely hot iron, abounds especially in rays analogous 
to those of the region of the spectrum above indicated. 

Another instance of these singular transformations 
may be noticed. The pictures formed on cyaliotype 
paper, rendered more sensit^e by the addition of cor- 
rosive sublimate, are blue on a wlute ground and posi- 
tive, that is, the lights and sb^adows are the same as in 
nature, but by the application of heat, the color is 
changed from blue to brown, from positive to negative ; 
etven by keeping in darkness the blue color is restored, , 
as well as tibe positive character. Sir John attributes 
this as in the former mstance to certain rays, which re- 
garded as rays of heat or light, or of some influence aui 
generis accompanyuog the red and orange rays of the 
spectaum, are also copiously emitted by bodies heated 
short of redness. He thinks it probable that these in- 
visible parathermic rays are the .rays which radiate 
from molecule to molecule in the interior of bodies, that 
they determine the discharge of vegetable colors at the 
boiUng temperature, and also the innumerable atomic 
tranaforsnatipns of organic bodies which take place at 
^ei teiiiperature below redness, that they are distinct 
from those of puro heat, and that they are sufficiently 
id^tified by these characters to become fegitimate ob- 
jects of scientific discussion. 

The calorific and parathermic rays appear to be 90 
intimately connected with the discoveries of Messrs. 
Draper and Moser that the subject of sqlar radiation 
would be imperfect were they omitted. The dis- 
covery of Daguerre shows that the action of light otk 
th6 iodide of silver renders it capable of condensing the 
vapor of mercury which adheres to the parts affected 
by it Professor llloser of KOnigsberg has prpved that 
the same effect is produced by the simple contact of 
bodies, and even by their very near juxta-position, and 
tJiat in total darkness as well as in light. This, dis- 
covery he announced in the foUo^ng words: **Jf a 
* u2 
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•or&eo bw been toadied is aaf partieiilar puts by mny 
bpdjy it acqolTM the ^rapetty of precipitatmg d Ta- 
poi«, sbd these adhere to it or combine ^teakSHf widi 
it OQ those qpofii diflerentfy t» what they do on the nn- 
toadied partt." If we write on a plate of f^aas or any 
amooth aorfipce whatever with tdotting popro, a bni^ 
or aojthiDg ebe, and dMn elean it, £e eharacterB al- 
waja reappear if die pkte or sarfrce be breathed npon, 
and the same eflfect may be prodnoed eren on the aor* 
£ice of nmvofy ; nor is abaohite contact necesauy. If 
a pereen cut in « pattern be held over a pofiafaed me- 
tallic aarfitte at a amdl distance, and the whole breathed 
on : idfter the vapor has evaporated so fbat no trace ia 
left on the snr&ce, die pattern comes oat when it is 
breaUied on again. 

Professor Moser proved that bodies exert a very de- 
cided influence apon each other, by placing cinns, cot 
stones, pieces of bom, and other substances, a short 
time on a warm metallic plate ; when the substance 
ivas removed no impression appeared on die pfate dH it 
was breathed upon or exposed fb the vapor of hiercury, 
and then these vapors adhered only to the parts where 
th^ sabstance had been placed, making distinct images^ 
which in some cases were permanent after the vapor 
was removed.^ Similar impressions were obtained on 
glass and other substances even when the bodies were 
flUt in contact, and the results .were the same whether 
the experiments were performed in light or in darkness. 

Mr. Hunt has shown that many of these' phenomeAa 
depend on difference of temperature, and that in order 
to obtain good impressions dissimilar metals must be 
used.. For example, gold, silver, bronze, and coppei^ 
coins werd ptaced on a plate of copper too hot to be 
touched, and allowed to remain t9l the plate cooled; 
all tli0. coins h^ made an impression; the distiDCtness 
9iid tait^sity of which wbs in the order of die metals 
named. When tSi» plate was exposed to the vapor of 
mercuvy the result vras the same, but wheU the vapor 
WIS' wiped olf, the gold and silver coins only had left 
permanent images on >the copper. These impressions 
are often minutely perfect whether the coins are in 
aetaal contact with the plate or i of an inc]^ above it. 
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The mass of the metal has a Aiaterial inflneiiee on the 
result; a large copper eom midLes a better hnptession 
9n a eopper ]3ate than a small silver coio. When cbins 
pf different metals are fdaced on the saao* plate tiifif 
interfere with eaeh other. 

When, instead of b6ii^ heated, the ^pfwr "plate 
was cooled by a freezing mixtare, and bac^condnetors of 
heat laid upon it, as wood, paper, glass, &;c., the result 
was similar, showing that the i^enomena could be pro- 
duced bjr any distiErbance of the caloric latent hi the 
substances. 

There can be no doubt that these phenomena are 
universal, since all substances are more or less sensitive 
to light, which must |»roduce innumerable changes in 
the nature of terrestrml things, especially m the vege^ 
table tribe, by the power H gives of condensing vapor 
itad consequently the depositiDn of de^. 

Red and orange^colored media, smoked gkiss, and aH 
bodies that transmit or ubsorb the ci^rific rays, freely^ 
leave strong impressioas on a plate of copper whether 
they be m contact <»: ( of an inch above the plate. The 
Btrongsst proof that heat is concerned in some at least 
oi these phenomena i» evident. For instance, a solar 
spectrum concentrated fay a lens was thrown on b pol- 
ished plate of copper and kept on the sam& spot by a 
heliostat for one^ two, or three hours; when exposed 
to mercurial vapor a film of the vapor covisred the plflJH^ 
where the diffused Mght which always accmnpanies the 
scdar spectrum had fiillen; on the obscure space occu- 
pied by, the maximum heating power of Sir WiHiain 
Herschel, and idso the grdat heat spot in the thermic 
spectrum of Sir John Herachel, the condensation of the 
mercury was so thick that it stood> out a disduct white 
spot OB the plate^ while ever the wfade space lliat had 
been under the visible i^Dectrum the quantity of vapor 
was much less than that whic^ eo^ed the other parts, 
afibrding distinct evidence of a n^ative e^ect in the 
lumij^us spectrum, and of the^ power of the calorific 
rays, which is not always eoofined to the surface of the 
metal, since in many instances the impresmons are formed 
to a eonsiderable depth beky«r it, and consequently are 
permanent. 
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' Mr. Hunt observing that a black substance leaves a 
stronger impression on a metallic surface than a white, 
applied the property to the art of thermo^phy, by 
"^hich lie cQpies prints, wood-cuts, writing, and printing, 
on copper amalgamated on one surface and highly pol- 
ished, merely by placing the object to be copied 
spKwthly on the metel and pressing it into close contact 
by a plate of glass : after some hovafs the plate is sub- 
jected to the vapor of mercury and afterward to that of 
iodine, when a black and accurate impression of the 
object comes out on a gray ground. Effects similar to 
those attributed to heat may also be produced by elec- 
tricity : Mr. Karsten, by placing a glass pTate upon one 
of metal, and on the glass plate a medal Bub^ected to 
discharges of electricity, found a perfect image of the 
medal impressed on the glass, which could be brought 
4nto evidence by either mercury or iodine ; and when 
Several plates ^of glass were interposed between the 
medal and the metallic plate, each plate' of glads re- 
ceived an image on its upper sur&ce after the pai^sage 
of electrical discharges. These discharges have the 
remarkable power of restoring impressions that have 
been long obliterated from plates by polis^hing ; a proof 
that the disturbances ' upkm which these phenomena 
depend are not confined to the surface of the metals, 
but that a very decided molecular. change has taken 
place to a considerable depth. Mr. Hunt's experiments 
prove that the electro-negative metals make the most 
decided images upon electro-negative plates, and vice 
versd. M. Matteucci has shown that a discharge of 
electricity does not visibly affect a polished silver plate, 
but that it produces an alteration which renders it capa- 
ble of condensing vapor. 

M. Fizeau ascribes a nunierous class of these phe- 
nomena to the action of a slight layer of organic or fatty 
matter on^ the surfaces^ which, being volatile, is trans- 
, ferred to any body near, in a greater or less quantity ac- 
cording to the distance ; that is, according as the sur- 
face projects or sinks into hollows. When the different 
parts of a surface are unequal^ soiled by extraneous 
bodies, even in the minutest quantity, the condensation 
of mercurial vapor is effected in a manner visibly dift 
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ferent on its dlflTerent' parts, and therefore images are 
formed. Althongh this explains various phenomena, it 
does not apply to those akeady described, as Mr. Hunt 
had taken the precaution to divest the substances he 
used of every^4xace of organic matter. .'' 

It is difficult to see to what pause Mr. Hunt's experi- 
ments on the reciprocal action of bodies in total darkness 
can be attributed, unless perhaps to a constant radiation 
of some peculiar principle from their surfaces, which 
really seems to exist. 

The impression of an engraving was made by laying 
it face downwards on a silver plate iodized^ and placing 
an amalgamated copper plate upon it : it was left, in 
darkness fifteen hours, when an impression of the ea- 
graving had- been made on the amalgamated plate,. 
dirough the paper. 

As the same may be obtained on plates of iron, zinc, 
or lead, it is evident that this result is not the effect of 
chemical rays. - . 

An iodized silver plate was placed in darkness with a 
coil of string laid on it, and with a polished silver plate 
suspended one eighth of an inch, above it ; after four 
hours they were exposed to thov. vapors of mercury, 
which .became uniformly deposited en the iodized plate, 
but on the silver one there was a sharp image of the 
string, so that this image was formed in the dark, and 
even without contact. Coins or other objects leave 
their impressions in the same manner with perfect 
sharpness and accuracy, when brought. out by vapor 
without contact, in darkness, and on simple. metals. 

Heat, electricity, and the evaporation of 'unctuous 
matter, may account for some of these phenomena, but 
others clearly point at some unknown influence exerted 
between the surfaces of solid bodies, and affecting their 
molecular structure sb as to determine the precipitation 
of vapors, an influence which in all probability will uM- 
inateiy be found to be eitlier the paratJierpiic fays of . 
Sir John Herschel, or intimatel>^ connected with them. 
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The ocean of ligtit and beat perpetually Rowing froiii 
the sun, must affect thQ^4)odies of tbe system very dififer^ 
ently, on account of the varieties in their atmospheres, 
some of which appear to be very extensive and dense. 
According to the observatioi^s of S^jluxurtuv, iho Hiinus- 
phere of Ceres is more than 668 miles high, and that of 
Pallas has an elevation of 465 miles. These must re- 
fract the light and prevent the radifUion of hent like our 
own. But it is remarkable that not a trace o f litm osphere 
can be perceived in Vesta. The action of the bud's rays 
must be very different on such boilies from what it is 
on the earth, and the heat imparted to them quickly 
lost by radiation ; yet it is impossible to estimate their 
temperature, since l;he cold may be counteracted by 
their central heat, if, as there is reason to presume, they 
have orkinidly been in a state of fusion, possibly of 
vapor. The attraction of the earth has. probably de- 
prived the moon of hers ; for the refractive power of 
the air at the surfac^e of the earth is at least a thousand 
times as great as re£Euction at the surface of the moo|i. 
Th& lunar atmosphere, therefore, must be of a greater 
degree of rarity tiian can be produced by our best air- 
pumps ; consequently no terrestrial animal could exist 
in it. This was confirmed by M. AragD*s observations 
during the last great solar eclipse, when no trace of » 
lunar atmosphere was to be seen* ^ 

The sun lias a very dense atmosphere, which is 
probably the cause of the peculiar phenomena in his 
photographic image already mentioned. What his body 
may be, it is impossible to conjecture ; but lie seems to 
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be surrouikded by a mottljed ocean of flame, through 
which his dark nucleua a{^;)ears like black ^potB. o£ten of 
ODoripoua size, Thet e apots are ahnost always comr « 
jirised within a soo^ of the sun'a surface, whose breadths 
me^ured on a solar naeridiaD) does not extend beyond 30^^ 
on each aide of his equator, though they have been seen 
at the diataoce of 39i°> JFrom th^ir extensiye and rapid 
«:^anges, there is eyery reasoja to suppose that the exte* 
jior and incandescent part of the sun is gaseous. The 
«olar rays, probably arising from chemical processes that ^ 

|}ootinually take place at his sur&ce, or from electricityt 
are transmitted through space in all directions ; but not- 
withstanding the sun's ma^tude, and the inconceivable 
heat that must exist at his surface, as the intensity both 
of his li^bt and heat diminishes as the square of the dis- , 

tance increases, his kindly influence cap ha^^y be felt 
at the boundaries of our system, or at aU events it must 
be but feeble.. 

The direct light of the sun has been estimated to be 
equal to that of 5563 wax candles of moderate ^e, sup- « 

posed to be placed at thei Stance of one foot from the t 

object*. That of the moo^ is probably only equal S» the v^ 

light of one candle at the distance of twelve feet. Con* 
aequently the li^t of the sun is more than three hundred 
thousand times greater than that of the moon. Hence / 

the light of the moon imparts no heat. Professor Forbes 
is convinced by recent experiments that the direct light 
of the moQu is incapable of raising a thenaometeroue ^ 

three-hundred-thousandth part of a centigrade degree 
at least in ihis climate. The intensity of &e sun's light 
diminishes from the center to the circumference of the 
aolar disc. - ^ • 

In UranuSr the sun must be seen like a small but bril* 
liant ^tar, not above the hundred and fiftieth part so 
bright as he appears tons; but that is 2000 times brighter 
than our moon ; so that he is really a sun to Uraniis, 
and may impart some degree of warmth. But if wa • 

consider that water would not remain fluid in auy part • 

of Mars, even at his equator, and that in the temperate i 

zones of the same planet even alcohol and quicksilver 
would free^, we may form some idea of the cold thai 
must reign in Uranus. , 
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The climate of Vehus more hearly resembles that of 
l^e earth, though, exceptiog perhaps at her poles, muiji 
too hot for animal and vegetable-life as they exist |rere ; 
but in Mercury, the mean heat arising only from the 
intensity of the sun's rays must be above that of boiling 
quicksilver, and water would boil even at his |)oles. 
Thus the planets, though kindred with the earth in mo- 
tion and structure, are totcdly unfit for the habitation of 
such a being as man, unless, indeed, their temperatoi^ 
should be modified by circumstances of which we are 
not aware, and which may increase or dhniilish the 
sensible heat so as to render them habitable. 

It is found l^ experience, that heat is developed, iii 
opaque and translucent substtnces by their absorption of 
solar light, but that thia sun's rays do not sensibly alter 
the temper8tui|i,of perfectly transparent bodies through 
which they pass. As the temperature of the pellucid 
planetary space can be but little affected by the passage 
of the sun's light and heat, neither can it be sensibly 
raised by the heat now radiated from tbfi earth ; conse- 
quently its temperature must be invariable, at lea^t 
throvii^ut the extent of the solar system. The at*^ 
mosphere, on the central^, gradually increasing in den- 
sity toward the surface of the earth, becomss less pel- 
lucid, and therefore gradual^ increases in temperature, 
both from the direct aetion of the. sun, and from the ra- 
diation of the earth. Lambert had proved that the ca- 
pacity of the atmosphere for heat varies according to the 
same law with its capacity fbr absorbing a ray of light 
passing through it from the zenith, whence M. Svanberg 
found that the. temperature of space is 58° below the 
zero point of Fahrenheit's thermometer. From other 
researches, founded upon the rate and quantity of at- 
mospheric refraction, he obtained a residt which only 
differs from the preceding by half a degree. M. Fourier 
has arrived at neariy the same conclusion from the law 
of the radiation of the heat of the terrestrial ispheroid, 
on the hypothesis of its having nearly attained its limit 
of temperature in cooling down from its sup jwsed prim- 
itive state effusion. The difference in the result of 
these three methods, totally independent of one another, 
only amounts to the fraction of a degree. 
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The cold endured by Sir Edward Parry one day in 
Melville Island was 65° below zero ; and fliat suffered 
by Cal^tain Back on the 17th of January, 1834, in 62^ 
46^' of north latitude, was no less than 70° below the' 
same point. However, M. Poisson attributes this to ac- 
cidentel circumstances, and by a recent computation^ he 
makes the temperature of space to be 8° above tibe zero 
of Fahrenheit. This he considers greatly to exceed the 
t»iBJ)erature of the -exterior strata of die atmosphere, 
which he conceives to be deprived of their elasticity by 
intense cold; and he thus accounts for the decrease of , 
temperature at great elevations, and for the limited ex- 
ten^of the atmosphere. ' 

Doubtless, the radiation l>f all the bodies in the uni- 
verse maintains the- ethereal medium at a higher tem- 
perature than it would otherwise have, 4ii^d>.|tfust event- 
ually increase it, but by a. quantity so evanescent that it 
is hardly possible to conceive a tiine when a change wiH 
become perceptible. 

The temperature of space Obeing so low, it becomes a 
matter of no small interest to ascertain whether the earth 
may not be ultimately reduced by radiation to tbe tem- 
perature of the surrounding medium ; what the sources 
of heat are-v and whether they be sufficient to compeur 
sate the loss, add to maintain the earth in a state fit for 
the support of animal and vegetable life in time to come. 
All observations that have been made under the surface 
of the ground concur in proving that there is a stratum 
at the depth of from 40 to 100 feet throughout the whole 
earth, where the temperature is invariable at all times 
and seasons, and which differs but little from the mean 
annual temperature of the country above. According to' 
* M. Boussingault, indeed, that stratum at the equator is 
at'the depth. of little more than a foot in places sheltejr^ed 
^ from the direct rays of the sun ; but in our climates it 
IS at a much greater depth. In the course of more than 
half a century, the temperature of the earth at the 
depth of 90 feet in^ the caves of the Observatory at Paris 
has never been above or below 53° of Fahrenhei^s ther- 
momet^r, which is only 2° above the mean annual tem- 
perature at Paris. This zone, unaffected 1^ ^e sun's 
rays from above, or by the internal heat firom below, 
16 X 
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serves m an origin whence the effects of the external 
heat are estiniated on one aide, and ^e internal tempex;- 
atore oCthe globe on the other. 

As ^arly as the year 1740, M. Gensanne discovered 
in the lead mines of Geromagnj, three leagnes irbm 
B4fort^ that tbe heat of the! groiUid inqreiwes with the 
depth below the zope of constant teBq[)erature. A vast 
number of observations have beei$ made since that time v 
in the mines of Eur<n>e and America, by MM. Saussure, 
Baubuisson, HumbdMt, Cerdier^ Fox, Reich, and other#, 
which a^ee, without an excefition, in proving that the 
temperature oTthe earth becomes higher in descending 
toward its csenter. The greatest depth that iias been 
attwed is in the silver mine* of Gti^maxato in Mexico, 
where M* de Humboyt feund a temperature of 98° at, 
the depth of 386 fat^MMOM ; the «M«i«Bira«l temperature 
of the countiy^ing on^ 61°. <^ Nexit to that is the ^al- 
ooath copper mine in CornwaB, iivhere Mr. Fox's th»r^ / 
ipometer stood at 68° in a hole in thosi^ck at the dejAh 
of 230 fathonoLS, and at.82<' in water at the depth or240 
fathoms, the mean annual temperature at the surface 
1>ein^ about 50o. But it is needless to multiply exam- 
pl^a, all of which o(mcuv in showing that there is a^criy, 
gdiat diifi^rence between the temperature in the interier 
of the earth and at its surface. Mr. Fox's observations 
out the temperature of springs which rise at profound 
deptba^in mines, afford %h» strongest testimony. Hex 
found considerable streams flo^ng into some of the 
Cornish mines at the tenotperature of 80° or 90^, which 
is about 30° or 40^ above that of the surface; and also^,. 
ascertwed that nearly 2,000,000 gallons of water are'^ 
daily pumped from the bottoaga of the Poldiee mine,* 
which is 176 fathoms deep, at-90° or 100°. As this Js • 
Ingher than the warmth of the human body, Mr. F6x 
• justly obse^es that it amounte to a ]sroof that the in- 
creased temperature cannot proceed from the persoqa c^ 
the workBEieA employed m the mines. Neither can the 
warmth of nunes be attributed to the condensation of 
the currents of air which v^ntilsite them. Mr. Fox» 
whose opinion is of high authority in these iMtteifa, . 
states that even in the deepest mines, the condensatfon 
of the air would not raise the temperature more than 
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d"* or 6^.aQd ths( if th»lie«t could be iittributed to this 
cause, thQ seasons iv^^uld sensibly vSmA the temperatnre 
of nunes, which it appeairs they do not where the depth 
is great. Besides, ito Cornish mines are generally 
ventilated by numerous shafts opening into llie galleries 
.- from the surface or from a higher level. - The air cirqu- 
bites freely in these^ descending in some s^frs and as- 
cending in others. In all cases, Mr. Fox found tl^ht the 
upward currents are of a hif^beir- temperature than the 
Ascending curreufts ^ so iuiieh so,^tfaat in winter the 
moisture is often ^^oeealia flie Matter to a considerable 
depth ; the cir<m]a^n of ^tr, ^lerefere, tonds to cool 
t}ie miu» instead of increasing the heat. Mr. Fox has 

. also removed the objections arising from the compara- 
tively low temperature of the water in the shafts of- 

' abandoned mines, by showing that obsenraticms in them, 

.froin a vfuriety of circnnastances which he enumeratos, 
BK$ too discordant to furnish any conclusion as to the 
actual heat of the earth. The high temperature' (^ 
mines might be attributed to the elfects of l^e fires, 
candles, and gunpowder used by ^m miners, cBd not a 
similar increase obtain in deep weQs, and in borings to 
great depths in search of water, where no such causes 
* of disturbance occur. In a weH dug witl^ a'TieW-4» 
discover salt in the oantcm of Berne, an<^ long deserted, 
M. de Saussur^had the most complete evidence of in- 
creasing heat. The same has been confirmted by the 

' temperature of many weUs, both in^France and En^nd, 
especially by the Artestan welb^ so nuaed from a pecu- 
liar method of raising water first r e s ort ed to in Artois, 

'and since become very general. ^ Artesian well con- 
sists ef a shaft of a few inches in diameter^ bored into 

« the earth till a spring is found. To (H^event the water 
being carried off by the adjacent strata, a tube is let 
down which exactly fSia the bore.frem t^p to bottom, in 
' whi^h tb» wBtOT rises pure to the sur&ce. It is clear 
the water could not rise unless it had previously de^ 
scended from hi^ ground through the interior of the 
earth to the bottom of the well. It partakes of the 

^teid)>Qirf^ure of the strata through which it passes^ and 

''^ in >very instance has been warmer in proportion to the 
depth (^,the wett; but it ia evident that die law ef in- 
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crease cannot be^ obtained in this manner. Perhaps the 
most satisfactoiy experiments on record are those made 
bj MM. August de la Kive and F. Marcet during the 
year 1833, in a boring for water about a league froni 
Geneva, at a place 318 feet above tha level of the lake. 
The depth of the bore was 727 feet, and the diameter 
only between four and five inches. No spring was' ever 
found ; but the shaft filled with mud, from the moisture 
of the ground mixing with the earth displaced in boring, 
which was peculiarly favorable for the experiments, as 
the temperature at.each jdepthnnay be considered to be 
that of the particular stratum. In this case, where none 
of the ordinary causes of disturbance could exist, and 
where every p^recaution was employed by scientific iM^d 
experienced observers, the temperature was found to 
increase regularly and imiformly with the depth at the 
rate of about 1° of Fahrenheit for every 52 feet. Pro- 
fessor Reich of Freyberg has found that the mean of a 
freat number of observieitions both in.nunes and wells is 
° of Fahrenheit for every 55 feet of depth, and from 
M. Arago^s observations in an Artesian well now boring 
in Paris, the increase is 1° of Fahrenheit for every 46 
feet. Though there can be no doubt as to the increase 
of temperature in penetrating the crust of the earth, 
there is still mitch uncertainty as to the law of ipcrease, 
which varies with the nature of the soil and other local 
circumstances ; but on an average, it has been estimated 
at the rate of 1° for, every 50 or 60 feet, which corre- 
sponds with the observations of MM^ Marcet and de la 
Rive. In consequence of the rapid increase of internal 
heat, thermal springs, or auch as are independent of ' 
volcanic action, rising from a great depth, must heconB- 
sarily.be very rare and of aliigh temperature,^ and it is 
actually fouiui that none are so low as 68? of Fahreii- 
heit^ that of Chaudes Aigues in Aiivergne Js about 
136°. In many places warm water from Artesian weUs 
will probably^oome into use for domestic 'purposes, and 
it is even jiow employed in manufactories at Wurtem- 
berg, in Alsace, and near Stutgardt. 

^It is hardly to be expected that at present any infor- 
mation with regard to the actual internal temperature 
of the earth should be obtained from that of the ocean, 
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on account of the mobility of fluids, by which jflie colder 
masses sink downward, while those that are warmer 
rise to the surface. Nevertheless it may be stated, that 
the temperature of the sea decreases with the depth 
between the tropics; while on the cohtrary, all our 
northern navigators found that the temperature increases 
with the depth in the polar seas. ~ The change takes 
place about the >70th parallel of latitude. Some ages 
hence, however, it may be known whether the earth 
has arrived at a permanent state as to heat, by ^comparing 
/ secular observations of the temperature of the oc6an if 
made at a great distance from the land. 

Should the earth's temperature, increase at the rate 
of 1° for every fifty feet, it is clear that at the depth of 
200 miles the hardest substances must be in a state of 
fusion, and our globe must in that case either be encom- 
passed by a stratum of melted lava at that depth, or it. 
must be a ball of liquid fire 7600 miles in diameter, in- 
closed in a thin coating of solid matter ; for 200 miles 
are nothing when Compared with the size of the iearth. 
No doubt the form of the earth, as determined by the 
pendulum and arcs of the meridian, as well as by the 
motions of the moon, indicates original fluidity and subse- 
quent consolidation and reduction of temperature by ra- 
diation ; but whether the law of increasing temperature 
is uniform at still grea^r depths than those already 
attained by man, it is impossible to say. At all events, 
internal fluidity is not inconsistent with the present 
state of the earthed surface, since earthy matter is as 
bad a conductor of caloric as lava, which often retains 
its heat at a very little deptli for years after its surface 
. i* cool. . Whatever the radiation of the earth might 
have been in former tiihes, certain it is that it goes on 
very slowly in our days v for M. Fourier has computed 
that the central heat is decreasing from radiatiob by- 
only about the ^Vr^^ P"** ^^ * second in a century. If 
so, there can be no doubt that it will ultimately be dis- 
sipated I but as far as regards animal and vegetable Hfe, 
it is of very little consequence whether the center of 
our planet be liqjuid fire or ice, since its condition in 
either case could have no sensible effect on the climate at 
its surface. The internal fire does not even impart heat 
x2 
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enough to melt the snow fit the poles, though so much 
. nearer to the center than any other part of the globe. 

The immense extent of active volcapic fire is one oJT 
the causes of heat which must not be ovetlooked. ^ 

The range of the Andes, from Chili to the north of 
Mexico, i^robablj from Cape Horuto Califomia, or even 
to New Madrid in the United^States, is one vast district 
of igneous action, including the Caribbean Sea and the 
West Indian Islands on one hand ; and stretching tfoke 
across the PadficOcean,^ through the Polynesian Archi- 
pelago, the New Hebrides, the Georgian and Friendly 
Islands, on the other.- Another chain begins with the 
Aleutian Islands, extends to Kamtschatka, and from 
thence passes through the Kurile, Japanese, and Phil- 
ippine Islands, to the Moluccas, whence it spreads with 
terrific violence through the Indiiw Archipelago, even 
to the Bay of Bengal. Volcanic action may again be 
followed from the entrance of the Persian Gulf to Mad^ 
ugascar, Bourbon, the Canaries, atid Azores. Thence 
a continuous ^neous region extends through about 1000 
geographical miles to the Caspian Sea, including the 
Mediterranean, and extending north and south between 
the 35th and 40th paraHels of iatitade; and in centra! 
i^sia a volcanic region occupies 2500 square geographical 
miles. The vc^ccuiic fires are developed in - Iceland in 
tremendous force ;- and the antarctic land recently dis- 
covered by Sir James SEloss is an igneous fcnrmation of 
the boldest structure, from whence a volcano in high 
activity rise» 12,000 feet above the -perpetual ice of 
these polar deserts, and within 19^ of the south pole. 
Throughout this vast portion a£ the world the subterra- 
neous Ire is often^ intensely active, producing such vio^ 
lent earthquakes andisruptions that their effects, accu- 
mulated during millions of years, may Account for many 
of the great gedog^cal changes of igneous origin that 
have aheady taken place in the earth, and may occasion 
others not les9 remarkable, should tune — ^that essential 
element in the vicissitudes of die globe — be granted, and 
their energy last. 

Mr. Lyell, who has shown the power of existing causes 
with great ingenuity, estimates that on an average twenty 
eruptions take place annuaHy in diiferent parts of the 
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'mjvld; miA many mnet occur or l»»e happeoed, oven on 
the knost exteasiye and awful seale, among people equally 
incapable of estimating their offects and of recording 
them* We should never have known the extent of the 
ibarfui eruption which took place in the ialand of Sum- 

^wa, in 1815, but for the accident of Sit Stamford Raf'- 
Id having been governor of Java at the time. It began 
on the 5th of April, and did not entarely cease till July. 
Th6 ground ma shaken throu^ an area of 1000 miles 
in circumference ; the tramnv were felt in Java, the 
Mioluccas, a great part of Celebes, Sumatra, and Borneo. 
The detonations were heard in Sumatra, at the distance 
of 970 geographical miles in a atraight line ; and at Tor* 
nate, 720 miles in the opposite Erection. The most 
dreadful whirlwinds carried ^knen and cattie into the air ; 
and witii the exception of> 26 persons, the whole popu- 
lation of' the island perished to the amonnt of 12,000. 
Ashes were carried 300 miles to Jav6, in such ((uantities 
that' the darkness during the day was more, profound 
than ever had been witnessed in tlie most obscure night* 
The iiiee of the coontiy was changed by the streams of 
lava,' and bv the upheaving and sinking of the soil. The 
town of Tomboro was submerged, and water stood to 
the depth of 18 £»et in places wlueh had been diy land. 
Ships grounded where they had previously andiored, 
and otl^rs could hardly penetrate the mass, of cinders 
which floated on -the surface of the sea for several oEiilea 
to the depth of two feet. A cata8tro|)hei similar to Uus, 
though of less magnitude, toc^ place in the island of Bali 
in 1808, which was not heard of in Europe tUl years 
afWwaitd. The eruption of Coeeguina in the Bay of 
Fonsecaj v^ich began on the 19th <S'Jantiary, 1835, and 
lasted many days, was even inore dreadful and extenrnve 
in its effects than t^iat of Stunbawa.^ The ashes- during 
this eruption were carried hy the upper current of the 
atmos|>here as far north as Chiassa, which is ttpweurd 
of 400 leagues to the windward of that volcano. Mimy 
volcanos supposed to be extinct have all at 6nce burst 
out with inconceivable violence. Witness Vesuvius, on 
historical record ; and the volcano in the island of St. 
Vincent in our^own days, virhose crater was lined with 
large trees, and which had not })een active in the mem* 
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ory of man. Vast tracts are of volcanic origin < where 
Yolcanos have ceased to exist for ages. Whence it may 
be inferred that in some places the subterraneous iires 
are in the highest state of activity, in some they are 
' inert, and in 6&ers they appear to be extinct. Yet there 
are few countries that are not subject to earthquakes of 
greater or less intensity ; the tremors are ' propagated 
like a sonorous undulation to such distances that^it is 
impossible to say in what point they originate. ^In some 
recent instances their power m.ust have been tri&mendous. 
In South America, so lately as 1822, an area of 100,000 
square miles, which is equal in extent to the , half of 
France, was raised several feet above its present level ; 
a most able account of which is given in the vTransac- 
tions of the Geological Society,' by an esteemed friend 
of the 'author, Mrs. Graham, now Mrs. Calcbtt, who 
was present during the whole time of that formidable 
earthquake, which recurred at short intervals for more 
than two months, and who possesses talents to i^pre- 
ciate, and had opportunities of observing, its . effects 
under the most fayorable circumstances at Valparaiso, 
and for mHes along the coast where it was most intense. 
A con9iderab]e^ elevation of the land has again taken 
place along the coast of Chih, in consequence of the 
violent eartiiquake which happened on the 20th of Feb- 
ruary, 1835. In 1819, a ridige of land stretching for 50 
miles across the delta of the Indus, 16 feet broad, was 
raised 10 feet above the plain ; yet the account of this 
marvelous event was/ recentiy brought to Europe by 
Mr. Burnes.^^ The reader is referred to Mr. Lyell's 
veiy excellent work on geology, already mentioned, for 
n;M)st interesting details df the phenomOQaand extensive 
effects of volcanos and earthquakes, too nuinerous to 
find a place here. It may however be mentioned, that 
innumerable earthquakes are from time to time shaking 
the solid crust of the globe, and carrying destruction to 
distant regions, progressively thoutth slowly accomplish- 
ing the great work of change. These terrible engines 
of ruin, fitful and uncertain. as they may seOm, must, 
like all durable phenomena, have a law, which may in 
time be discovered by long-continued and accurate ob« 
servotions. \ 
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The shell of Yolcanic fire that girds the globe at a 
small depth below our feet hak been attributed to differ- 
ent causes, s By so^e it is supposed to originate in an 
ocean of incandescent matter, still existing in the cenr 
tral abyss of the earth. Some Gonceive it to be super- 
ficial, and due to chemical action, in strata at no very 
great depth when compared with the size of th^ globe. 
The mare so, as matter on a most extensive scale is 
passing, firom'c^d into new combinations, which, if rapidly 
effeGted,'are capable of producing the most intense heat. 
According to others, electricity, which iff so universally 
diffused in all its forms throughout the earth, if not the 
immediate caus6 of the volcanic phenomena, at least 
determines the ohemical affinities that produce^ them. 
It is dear that a subject so involved in mystery must 
give rise to much speculation, in whidi every hypothe- 
sis is attended with difficulties that observation alone 
can remove. 

But the views of Mr. Babbage and Sir John Herschel 
on the general cause of volcanic action, and the changee^ 
in the equiUbriifm of the internal heat of the globe, ac- 
cord more with the laws of mechanics and radiant caloric 
than any that have been proposed. The theory of these 
distinguish^ philosophers, formed independently of each 
other, is equally consistent with obswved phenomena, 
whether the earth be a solid crust encompassing a nu- 
cleus of liquid lava, or that there is merely a vaist reaer- 
voir or stratum of melted matter at a moderate depth 
below the superficial crust. The author is ipdebted to 
the kindness of Mr. Lyell for the. perusal of a most 
interesting letter from Sir John Herschel, in which he 
states his views on the subject. 

Supposing th^t the globe i^ merely a solid crust, rest- 
ing upon fluidTbr semi-fluid matter, whether extending 
to the center or not, the transfer of pressure from one 
part of its surface to another by the degradation of ex- 
isting continents, ai^d the formation of new ones, would 
be sufficient to subvert the equilibrium of heat in, the 
interior, and occasion-' voloamc eruptions. For, s^ice 
the internal heat of the earth is transmitted outwards 
by radiation, an accession of new matter, on any part of 
the surface, like an addition of clQthing> by keeping it in« 
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■woidd na^e the temperatajra of iJiie sjtrate btelow, itiid io 
the eourse <^ ^es wod^ even redai^ those at » great 
depth to a state of fusion. ^ Some of the substances might 
he eonverted into gases ; and should the aeaumiilatiQn of 
new matter take {dace at the bottom of 'the sea, as is 
geneially the ca^e, thiiviaTa wquld be mixed with Mrater 
m a state of ignition in conaequencO of die enormoiis 
pressure of the ocean, and of the newly superimposed 
matter which would prevent it from ^expanding into 
steam. Now Mr. Ly ell has shown with his usual taleiit, 
that tlm quantity of matter carried down by rivers from 
the surfiu;e of the continents is oomparatiyely trifling, 
and tliat the great transfer to the bottom of the ocean is 
produced at the coast line by the action of the sea; 
hencot says Sir John Herschel, '* the greatest accmnula- 
tion of local pressure is in the ceotral area of the deep 
•ea, while the ^eatest locfld relief takes place along the 
abraded coast Imes. Here then should occur die chief 
volcanic fonts." As the crust of the earth is much 
weaker on the coasts than elsewhere* it is more easi^ 
ruptured, and, as Mr. Babbage observe^ immonse rents 
might be produced there by its contraction in oooliiog 
down after being deprived of a {Portion of its original 
thickness. The pressure on the bottom of tlie oceieui 
would force a cohxmn of lava mixed with ignited water 
and gas to rise tiirough' an opening thus Kirmed, and, 
tsays Sir John Herschel, *^ when the column attains sudi 
a height that the ignited Water can become steam, the 
joint specific gmvity of the column is suddenly dimin- 
ished, and up comes a jet of n^ixed steam and l^^a, tiU 
80 much has escaped ^at t^e matter deposited at the 
bottom of the ocean tal^es a fresh bearing, when the 
evacuation ceases and the crack Jbecomes scMaJed up.'* 

"This theory perfectly accords with the phenomena of 
nature, siiM^e there are very fow active volcanos at a dis- 
tance from the s^a, and ^e exceptions that do occur 
aro generally near lakes^ or they are connected with 
volcanos on tiie maritime coasts. Many break out even 
in the bottom of the ocean, probably owing to some of the 
supports of the superficial crust giving way, so that the 
steam and lava are forced up^ through the fissures. 

Finally, Mr. Babbage observes that *« in consequence 
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of change oonfkiually goiiig en, hy the ^estructuui of 
forest^ the fiUmg up of seas^ the wearifigrdown of ele- 
vated lands, the heat radiated from th^ earth's surface 
varies imisideraUy at different periods. In consequence 
of this Yariatioa, and also in Isonsequencd of the corering 
up of the bottom of the sea by the detritus of the land, 
the surfaces of equal temperature witiiin the earth are 
eoDtinual^ chang^g their form, and exposing thick 
beds dear the exterior to alterations of temperature. 
The expansion and contraction of these strata may form 
rents aiid veinst produce eartiiquakes, determine vol- 
canic eruptions, elevate continents, and posnblj -raise 
tnountam chains." 

*^ The ifa^nerous Vents fat the internal heat formed by 
volcanos, hot springs, and the emission of steam so 
frequent in volcanic regions, no doubt maintain the tran- 
quility, of the interim: fluid mass, which seems to be 
perfectly inert unless when put in motion by unequal 
pressure. r 

But to whatever cat[se die increasing heat of the 
earth and the subterranean fires may ultimately be 
referred, it is certain that, isxcept in some local in^ 
ctences, they have no sensible effect on the temperature 
of its surface. It may therefore be concluded that l^e 
heat of the earth above the zone of uniform tempefatOre 
is entirely owing to the sun. 

The power of the solar rays depends much upon the 
manner in which they fall, as we readily perceive from 
the different climates on our globe. The earth, is about 
three millions .of miles nearer to tlie sun in vnnter than 
in summer, but the rays strike the northern hemi- 
si^ere more obliquely in winter than in the other half 
of the year. 

, The observations of the north polar navigates^, and 
those of Sir John Herschel at the Cape of Good Hope, 
show that the direct heatiug influence of the solar rays 
is greatest at the equator, and that it dfihioishes gradu- 
aUy as the latitude increases. At the equator the 
maximum is 48|°, while in Europe it has never ex- 
ceeded 29i**. 

• 'M. J^ouiUet has estimated with singular ingenuity, 
from a series of observations made by himself, tiiat the 
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whole quantity of heat which the earth receives aimii- 
ally fh)m the sun is such as would be sufficient to melt 
a stratum of ice covering the whole globe 46 feet deep. 
Part of this heat is radiated back into space ; but by far 
the greater part descends into \)ae earth during the 
summer, toward the zone of uniform temperature^ 
whence it returns to the surface in ^e course of the 
winter^ and tempers the cold of the ground and the at- 
mosphere in its passage to the ethereal negions, where 
it is lost, or rather where it combines with the radiation 
from the other bodies df the universe in maintainmg 
the temperature of space. The sun's power being 
greatest between the ti*opics, the daloric sinks deeper 
there than elsewhere, and the depth gi'adually dimin- 
ishes toward the poles ; but the heat is also transinitted 
laterally from the warmer to the colder strata north and 
south of the equator, and aids in tempering the severity 
of the polair regions. \ 

The mean heat of the earth above the stratum of 
constant temperature is determined from that of springs ; 
and if the spring be on elevated ground, the temperature 
/ is reduced by computation to what it would be at the 
level of the sea, assuming; that the heat of the soi] 
varies according to the same law as the heat of the 
atmosphere, which is about 1° of Fahrenheit's ther- 
mometer for every 333*7 feet. From a comparison of 
the temperature of numerous springs with that of tha 
air, Sir David Brewster concludes that there is a par- 
ticular line passing nearly through Berlin, at which ^he 
temperature of springs and that of the atmosphere 
coincide ; that^in a{)proaching the arctic circle the tem- 
perature of springs is always higher than that of the air, 
while proceeding toward the equator it is lower. ; 

Since the warmth of the superficial strata of the earth 
decreases from the equator to the poles, there are many 
places in both hemispheres where ttie ground has the 
same mean temperature. If line^ were drawn througly 
all those points iu the- upper strata of the globe which 
have the same mean annual temperature, they would 
be nearly parallel to the equator between jthe tropics, 
and would become more and mor6 irregular and sinuOQa^ 
toward the poles. These, are called isogeothermal lines. 
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A variety of local circumstance.s disturb the^ parallelism 
even between the tropics. 

The temperature of the ground at the equator is 
lower on the coasts und islands than in the" interior of 
continents ; the Warmest part is in the interior of Africa, 
but it is obviously affected by the nature of the soil, es- 
pecially if it be volcanic. 

Much has been done within a few years to ascertain 
the manner in which heat is distributed over the sur- 
face of our planed and the variations of climate, which 
in a general view mean every change of the atmos- 
phere, such aisi of temperature, humidity, variations ot 
barometric pressure, pm*ity of air, the serenity of the 
heavens, the effectis of winds, and electric tension. 
Temperature depends upon the'' property which all 
bodies possess more or less, of perpetually absorbing and - 
emitting or radiating heat. When the interchange is 
equal, Sie temperature of a body remains the same ; 
but when the radiation exceeds the absorption, it be- 
comes cc^er, and vice versd. In order to determine 
the distribution of heat over the surface of the 6arth, it 
is necessary to find a standard by which the tempera- 
ture in different latitudes may be compared.^ For that 
purpose it is requisite to ascertain by experiment the 
mean temperature of the day, of the month, and of the 
year, at as many places as possible throughout the 
earth. . The ahniiid average temperature may be found 
hy adding the mean temperatures of all the months in 
the year, and dividing the sum by twelve. The average 
of ten or fifteen years will give it with tolerable accu- 
racy; for although the temperature in any plade may 
be subject to very great variations, yet it tiever deviates 
more than a few degrees from its mean state, which 
consequently offers a good standard of comparison* 

If climate depended solely upon the heat of the sun, 
all places having the same latitude would have the same 
mean annual temperature. The motion of the sun in 
Ihe ecliptic indeed occasions perpetual variations in the 
length of the day, and in the direction of the rays with 
regard to the earth ; yet, as the cause is" periodic, the 
mean annual, temperature fi*om the sun's motion alone 
tSaht be constant in each^ parallel of latitude. For it \» 
Y 



\ 
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endent tihat the accumulation of h6^,t in the long days of 
summer, which is -but little diminished by radiation 
during the short nights, is balanced by the small qnan- 
tity of heat received during the shojt days in winter, 
and its radiation in the long frosty and clear nights^ 
In faet, if the globe ^were everywhere on « level with 
the surface pf Sie sea, and of uniforan substance, so as 
to absorb and radiate heat equally, the mean heat of the 
sun would be regularly distributed over its surface hi 
zones of equal annual temperature parallel to the equa- 
tor, from .which it would decrease to each pole as the 
square of the posine of the latitude ; and its quantity 
would only depend upon the altitude of the sun and 
atmospheric currents. The distribution of heat, how- 
ever, in the same parallel, is very irregular in all lati- 
tudes except between the tropics, where the isothermal 
line^y or the lines passing through places of equal mean . 
annual tenGiperature, are more nearly parallel to tha 
equator. The causes-of disturbance are very numerous : 
but such as hav^.the greatest influent^ according CD M. 
de Humboldt, to whom we are indebted for the greater 
part of what is known on the subject, are the elevation 
of the continents, the distribution of land and water 
over the surface of the globe exposing different Absorb- 
ing and radiating powers ; the variations in the sur&ce 
of the ]ai:^d, as ^ests, sandy desertt, verdftst plams, 
rocks, &c. ; mountain-chains covered with masses of 
snow, which diniinish the temperature; the reverbera- 
tion of the sun^s rays in the valleys, which increases it; 
^nd the interchange of currents, both of air and water,, 
which mitigates, the rigor of climates ; the warm cur- 
rents from the equator softening the severity of the 
polar frosts, and the cold currents from the poles tem- 
pering the intense heat of the equatorial regions. To 
tliese may be added cultivation, though its influence 
extends^ over but a small portion of the ^globe, only a 
fourth part of the land being inhabited. 

Temperature decreases with the height above the 
level of the sea, as weU as with the latitude. The air 
in the higher regions of the atmosphere is. much cooler 
than that below,, because the warm air expands as it 
nses, by which its capacity &r heat is increased, a great 
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proportion becomes latent, and less of it sensible* A 
portion of air at the surface of th^ earth whose temper- 
ature is 70° of Fahredbieit, if carried to the hei^t of 
two miles and a half, would expand so much that its tem- 
perature would be reduced 50° ; and in the ethereal 
regions the temperature is 90° below the point of con- 
gelation. • 

The height at which snow lies perpetually decreases 
from the equator to the poles, and is highenr in sumpier 
thai)^ in winter; but it varies from many circumstances. 
Snow rarely falls when the cold is intense and .the at- 
mosphere dry. Extensive forests produce moisture by 
t^eir evaporation ; and high table-lands, on the contrary, 
dry and warm the ai^. in the Cordilleras of the Andes^ 
plains of only twenty-five square leagues raise the tem- 
perature as much as 3° or 4° above what is found at t]^e 
. same altitude on the grapid declivity of a mountain, eon- 
sequently the line of perpetual snow varies ikccOTding as 
one or other of these causes prevails. Aspect hi gen- 
eral 4te«r also a gr^t influence ; yet, according to IVt. - 
Jacquewont, the line of perpetual snow is much higher 
on the northern than on the southern side of the Hima- 
laya mountains. On the whole, it appears that the mean 
height between the tropics at whicii the snow lies per- 
jiet^nlly is about 15,207 feet above the level of the sea; 
whereas snow do«i not cover the ground continually at 
the level of the ocean till near tlae north pole. In the 
southern hemisphere, however, the cold is ^eater than 
in the northern. In Sandwich Land, between the 54th 
and 58th degrees of latitude, perpetual snow and ice ex- 
^d t6 the s€|a-beaoh ; and in the island of St. George's, 
in the 53rd degree of south latitude, which corresponds 
with the latitude of the central coiinties of England, per- 
petual snow descends even to the level of the ocean. It 
Bas been shown tiiat tMs exeess of cold in the southern 
hemisphere cannot be at^buted to the winter being 
longer than x>urs by 7| days. It is probably owing tor 
the ice being more extensive at the south than the north 
pole, «ad to the open sea< surrounding it^ which permits 
the icebergs to. descend to a lower latitude by 10° than 
diey do in Uie northern hemisphere, on account of the» 
numerbUs obstructionft opposed to them by the islands 
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«ad contidents about the north pole. Icebergs seldom 
float farther to the south than the Azores : whereas 
those that come, from the south pole descend as far as 
the Cape of Good Hope, and occasion a continual ab- 
sorption of heat in melting. 

The influence oif mountain-chains does not wholly > 
depend upon the l^ie of perpetual congelation. They 
attract and condense, the vapors floating in the air, and 
send them down in torrents of rain. They radiate heat 
into the atmosphere at a lower elevation, and increase 
the temperature of the valleys by ^he reflection of the 
8un*s rays, and by the shelter they affijrd against pre- 
vailing winds. But on the contrary, one of the mdst 
general and powerful causes of cold lurising from the vi- 
cinity of mountains, is the free:2ing currents .of wind 
which rush frboi their lofty peaks along the rapid decliv- 
ities, chilling the surrounding valleys : such is the cut- 
ting north wind called the bise in Switzerland. 

Next to elevation, the diflerence in the radiating and 
absorbing powers of the sea*and land has ^e greatest 
iiifluence in disturbiug the 1*egular distribution of heat. 
The Extent of the dry land is not aboVe the fourth part 
of that of the ocean ; so that the general tetnperature 
of the atmosphere^ regarded as the result of the partial 
temperatures of the whole surface of the globe, is modti 
powerfully modified by the sea. Besides, the ocean' 
acts n^ore uniformly on the atmosphere than the diver- 
sified surface of the solid mass does, both, by the equality 
of its curvature anil its homogelieity* In opaque sul>- 
stances the accumulation of heat is confined to the 
stratum nearest the surface^ The. seas become less 
heated at their surface than the land, because the solar 
rays, before being extinguished, penetrate, the trans' 
parent hquid to a greater depth and in greater numbera 
tiian in the opaque masses. On the other hand, watw' 
has a considerable radiating power, which, together 
with evaporation, would reduce the surface of the ocean 
to a very low t6|nperature, if the cold particles did not 
sink to the bottom on account of their superior density. 
The seas preserve a considerable porlaon of the heat 
they receive in sunnner, and from their saltness do not 
freeze so soon as fresh water. So that in consequence 
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«f all thSs0 cireumstances, the ocean is not subject to 
such y^i^tioDs of heat as the land; and by imparting 
its temperature to the winces, it diminishes the rigor of 
cKmate on the- coasts and in the islands, which are 
jieyer subject to such extremes of Jaieat and-coljd as are 
experienced in the interior of continents, though th^y 
are liable to fogs and r^n from the evaporation of the 
adjacent seas. On each side of the equator to'.th^ 48th 
' degre^ of latitude, the surface of the ocean is in gene- 
ral warmer than the air above it. The mean of the 
^iference of the temperature at noon^ and midnight is 
about 1^*37^, the greatest difviation never exceedin§.from 
0*>*36 to 2*^* 16, which is ^uch cooler than the air over 
the land. ' ' - 

On land the temperatai-e' depends upon the nature 
of die soil and ijts producfts, its habitual moisture or dry- 
ness. From the eastern extremity of tha Sahara 
desert quite across Africa, the' soil is almost entirely 
barren sand ; and the Sahara desert itself^ without in^ 
eluding Dafour or Dongola, extehcts over an area of 
194,000 square leagues, equal- to twice the area of the 
Mediterranean Sea, and raises the temperature of the 
air by radiation from 90^ to 100°, which must have a 
most extensire influence. On the contrary, vegetation 
cools the air by evaporation and .the apparent riadiation 
of cold from tiiie leaves of plants, because they absorb 
more caloric than they give out. The graminiferous 
plains of South America cover an extent ten times 
greater than France, occupying no less than about 
§0,000 squariB leagues-, which is nrore than the whole 
chlEun of the Andes, and all the scattered mountain- 
groups of Brazil. These, together with the plains of 
North Arnerita and the steppes of Europe and Asia, ^ 
must have an extensive cooling effect on the atmosphere ^ 
if it be considered that in calm and serene nights they 
cause the thermometetto descend 12° or 14°, and that 
in the meadows and heaths in £nglan4 the absorption 
of heat by the grass is sufficient to cause the tempera- 
ture to sink to the point- of congelation during the night • 
for ten months in the year. Forests cool the air also 
by shading the ground from the rays of the sun, and by 
evaporation from the boughs. Hales found that th^ 
17 y2 
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leaves of a single, plant of helianthus three fBjSi high e^ 
pose3[ nearly forty feet of surface; and if ^itHte coo- 
skiered that the woody regions of the river Amazons, 
aad the higher part of the Oroonoko, pccupy an area of 
2^0,000. square leagues, some idea may be formed of 
the torrents of vapor which rise from the leaves of the : 
forests aU over the globe. Howe.va*, the frigorific 
effects of their evaporation are counteracted in some . 
measure by the perfect calm which reigns in th^ tropi- 
cal wildernesses. The innumerable rivers, lakes, pools, 
and marshes interspersed through the continents absorb 
caloric, and cool -the air by evaporation > but on aoeount 
of the chilled and dense particles sinking to the bottornt 
deep water diminishes the cold of winter, so long as ice 
is not formed. 

In consequence of the differenOe in the radiating and 
absorbing powers of the sea and land, their configuration ^ 
greatly Uiodiiies the distribution of heat over the surface 
of the globe. Under the equator only ope-sixth part of 
the circumference'!is land ; and the supei*iicial extent of 
land in the northern and'southern hemisj^eres is in the 

- proportiou of three to one. The effect' of this unequal 
division is greater in the temperate than in the torrid 
zones, fo|: the area of land in the northern temperalie 
zoue is to that in the 80\ithern as thirteen to ouiefWhere^ 
as the proportion of land between the equator and each 
tropic is as £ve to four. It is a curious fact noticed by 
Mr. Gardner, that only one twenty-seventh part of the 
land of the globe has la^d diametrically opposite to it. 
This disproportionate arrangement of the solid part of 
the globe has a powiarful influence on the temperature 
of the southern hemisphere. But besides these greater 
modifications, the penmsulas, promontories, and cape^ 
running out into the ocean, together with bays and in^ 
ternal seas, all affect temperature.. To these may be 
tidded the position of continental masses with regard to 
the cardinal points. All these diversities of land and 
water influence temperature by the agency c^ the winds, 

4 On this account the temperature is lower on the eastern 
coasts both of the New and Old World than on the 
western ; for considering Europe as an island, the gen- 
eral temperatuie is inild in proportion as the aspect ui 
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opiBB to the western ocean, the superficial temperature 
of which, as Cnr north as the 45th and 60th degrees of 
latit^de, does not^fall belaw 48^ or ^1° of Fahrenheit^- 
even in the middle of winter. On th« contrary, the 
oold of Russia arises from its exposure to the northern 
and eastern winds. But the European part of that em- 
{nre has a less rigorous climate than the Asia^c, because 
it^does not extend to so high a latitude. ^"^ 

} The interposition of the Atmosphere modifies all the 
effects of the sun's heat The earth communfcates its^ 
temperature- so slowly that M. Arago has pceksionally 
found 00 much as from 14° to 18° of difference between 
the/>heat of the soil and that of the air two or Uiree 
iocEes above it. 

^Jlhe circumstances which have been enumerated, and 
mani^ more, concur in disturbing the regular distribution 
of heat over the globe, and occasion numberless local ir- 
regularities. Nevertheless the mean annual temperature 
becomes gradually lower from the equator to tlie poles. 
But the diminution of mean heat is most rapid between 
tfaei 40th and 45th degreed of latitude both in Europe 
and America, Vhich accords perfectly with theory ; 
whence it appears that the variation in the square of 
the cosine of the latitude (N. 123), which expresses the 
law of the, change of temperature, is- a maximum to- 
ward the 45th degree of latitude^ The mean annual 
temperature under the line in America is about Sl^ of 
Fahrenheit: in Africa it is said to be nearly 83<^. The 
difference probably arises from the winds of Siberia and 
Canada^ whose chilly influence is sensibly felt in ABi& 
and America, even within 18? of the equator, 

The isothermal lines are nearly parallel to the equator,' 
till^abput tha 22d degree of latitude on c^ach side of it, 
wherid they begin to lose their parallelism, and continue 
t» do BO more and more as the latitude augments. 
With regard to the northern hemisphere, the isother- 
mal line of 69° of Fahrenheit passes between Rome and 
Florence in latitude 43*^ ; and near Raleigli in North 
CaroUna, latitude 36° i that of dO'^ of equal annual tern- 
perature runs through the ^Netherlands, latitude 51^; 
imd* near Boston in the United States, latitude 4^° : 
that of 41° passes near ^tockbolmj latitude 59^*^ ; and 
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St. Geoi'ge'* Bay, NewfouDdland, latitude 48® : and' 
lastly, the line of 3i}°, the freezing point of water, passes' 
between Ulea in Lapland, latitude 66°, and Table Bay, 
en the coast of Labrador, latitude 54°. 

Thus it appears that the isothermal lines, which are 
nearly parallel to the equator for about 22°, afterward 
deviate more and more. From the ebsenrations of Sir 
Charles Giesecke in Greenland, of Captain Scoresby in 
the Arctic Seas, and also from those of Sir Edvrard 
Parry and Sir John Franklin,' it is found that the iso- 
t^ermftl lines of^ Europe and America entirely separate 
in the high latitudes, and surround two poles of max- 
imum cold, one in America and the other in the north 
of A^ia, neither of which coincides with the pole of the 
earth^s rotation. These poles are both situate in about 
the^SOdi parallel of north latitude. The transatianlic 
pole is iu the 100th degree of west longitude, about 
5° to the tiQrth of Sir Graliam Moore's Bay, in the 
Polar Seas ; and the Asiatic pole is in the 95th degree 
of east longitude, a little to, the nortli of the Bay of Tai- 
mura, neai: the North-east Cap^. According to the 
estimation of Shr David Brewster, from the observations 
of M. de Humboldt and Captains Parry and Scoresby^ 
the mean annual temperature of the Asiatic pole ia 
nearly 1° of Fahrenheit's thermometer, and that of the 
transatlantic pole about 3^° below zero, whereas he sup^ 
poses the mean annual temperature of the pole of rota- 
tion to be 4° or 5°. It is believed that two correspond- 
ing poles of maximum cold exist in the southern hemid* 
phere, though observations are wanting to trace the 
course of the southern isothermal lines with the same 
accuracy as the nortiiern. 

The isothermal lines, or such as pass through places 
where the mean ai^inual temperature of ^e air is the 
Gfamie, do not always coincide ^ith the isogeothermal 
lines, which are those passing through places where the 
mean temperature of the ground is the same. Sir 
David Brewster,. in discussing this subject, finds that 
the isogeothermal lines are ^ways parallel to the iso- 
thermal lines^ consequently the same general formula 
will serve to determine both, since the difference is a 
constant quantity obtained by observatbn, and depend* 
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ing iipoD the distances of the place from the neutral iso- 
thermalline. These results are confirmed by the ob- 
servations of M. Kupffer of Kasan during his excursions 
to the north, which show that the European and the 
American portions of the isogeothermal Une of 32^ of 
Fahrenheit actually separate, and go round the two 
poles of maximum cold. This' traveler remarked, also^ 
that the temperature bothxof the air and of the soil de- 
oreases most rapidly toward the 45th degree of latitude. 

It is evident diat places -may have the same mean an- 
nual temperature, and yet differ materially in climate. 
In one, the winters may be mild* and the summers cool ; 
whereas another may experience the extremes of heat 
and cold. Lines passing through places having the 
same mean summer or winter temperature, are neither 
parallel to the isothermal, the geothermal lines,, nor to one 
another, and they differ still more from the parallels of^ 
latitude. In Europe, the latitude of two places -which 
have the same annual heat never differs more than 8° or 
9° ; whe^as the^difference in the latitude of those having- 
the same mean winter temperature is sometimes as 
much as 18° or 19°^ At Kasan in the interior of Rus- 
sia, in latitude 55^*48, ne^arly the same with that of 
Edinburgh, the mean annual temperature is about 37^*6 ; 
at Edinburgh it is 47^*84. At Kasan, the mean sum- 
mer temperature is 64®'84, and that of winter 2°-12; 
whereas at Edinburgh the mean summer temperature 
is 68°-28, and that of winter 38**'66. Whence it ap- 
pears that the -difference of winter temperature £9 much 
greater than that of. summe^.- At Quebec, the sum- 
mers are as warm as those in Paris, and grapes some- 
times ripen in the open, anr : whereas the winters ard 
as severe as in Petersburgh; tiie dnow lies five feet 
(ieep for several months, wheel carriages cannot be used, 
the ice is too hard for skating, traveling is performed in 
sledges, abd frequently on the ice of the river St. Law- 
rence. The cold at Melville Island on the 15th of Jan- 
uary, 1820,, according to Sir Edward Pany,. was 55® > 
below the zero of Fahrenheit's thermometer, only S^' 
abeve the temperature of the ethereal regions, yet the 
summei- heat in these high latitudes is insupportable. 

Observations tend to prove that all the climates of the 
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earth are stable/ arid that tlieir inrissitiides are onjy 
periods or osciUatiODS of more or less extent, which va^i-' 
ish in the mean annual tempei'attire of a sufficient num- 
ber of years« This constancy of the mean annual temper- 
ature of the different places on the surface of the globe 
shows that the same quantity of heat, which is annually - 
received by Jhe earth, is annually radiated into space. 
Nevertheless^^ a variety of causes may (disturb thex;limate 
of a place; cultivation may make it warmer; but It is 
at the expense, of some other place, which becomes 
colder in the same proportion. There may be a sue- 
cessibn of cold summers and mild wmters, but in som^ 
other country the coutrary takes place to effect the 
compensation ; wind, I'ain, snow, fog, and the other me- 
teoric phenomena, are the ministers employed to accom- 
plish the changes.. The distribution of heat may vary 
with-a variety 'of circumstances ; but the absolute quan- 
tity lost and gained by the whole earth in the course of 
a year is invariably the same. 



Section XXVII. 



Influetice of Temperature on Vegetation— Vegetation varies with the Lati 
! ' tii'de and Height above the Sea— Geographical Distribution of Land 

Plantst— Distribution of Marine Plants — Corallines^ Shell-fish, Reptiles, 
Insects, Birds, and Quadrupeds^-Varietite of Manlund, yet. Identity o£ 
Species. - ^ 

I The gradilal decrease of temperature in the air and in 

. th^ eartib, from the Equator to the poles, is clearly indi- 

cated by its influence on vegetation. In the valleys of 
the tornd zone, where the mean annual temperatui'e is 
^ very high, and where there is abundance of light and 

moisture', liature adorns the soil with sJl the luxunance 
^perpetual sutiimer. The palnb, the bombax ceiba, 
and a variety of magnificeut trees, tower to the height 
of 150 or 200 feet above the banana, the bamboo^ me 
arborescent femV and numberless other trppical produc- 
tions, so interlaced by creeping Bnd parasitical plants-as 
fljften to present an impenetrable barrier. But the 
ricfaniBss of vegetation gradually diminishes with the tem» 
peratur^ •' the splendor of the tropical forest is Succeeded 
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by the regions* of the bliVo^iid vine; these again yield 
to the veidant meadows of more temperate eHmes ; then 
follow the birch and the pine, which probably owe their 
cjxistence in veiy high latitudes more to the warmth of 
the soil than to that of the air. But even thes^ enduring 
plants becon^e dwarfish stunted shrubs, till a verdant 
carpet of mosses and lichens, enameled with fiowers, 
^exhibits the last sign of vegetable life during the short 
but fervent summers at the polar regions. Such isliie 
effect of cold and diminished Hght on the vegetable king- 
dom, that the number of species growing under the 
line, and in the northern latitudes of 45° and 68^, are in 
the proportion of the numb'^t^ 12, 4, and 1. I^otwith* 
standing the remarkable diiferencO between a tropical 
and polar Flora, light p(nd moisture seem to be almost the 
only requisites for vegetation, since neither heat^ cold^ 
lior even comparative darkness, absolutely destroy ^e 
fertility of nature. In salt plains^ and sandy deserts 
alone, hopeless barrenness prevails. Plants grow on the 
borders of hot springs — ^theyform the oasis wherever 
moisture exists, among the bumidg sands of Africa — 
they are found in caverns alinost void of lig^t, though 
generally blanched and feeble. The ocean teenU with 
vegetation. The snow itself not only produces a red 
alga, discovered by S&ussure in the frozen declivities of 
the Alps, found in abundance by the author c]:os8ing 
the Col de !Bonhomnie from Savoy to Piedmont, and by 
the polar navigators in the Arctic regions, but it affords 
shelter to the poductions of those inhospitable clinies 
against the piercing winds chat sweep over fields of ever- 
ii^tingv ice. Those interesting mariners narrate; that 
under this cold defence plants spring^ up, > dissolve the 
snow a few inches round, and the part above being 
fi^ain quickly frozen into a transparent sheet of ico, aid* 
niits the sun^s rays, which warm and cherish the planta 
in this natural hot-house, till the retui*ning sumnier ren- 
ders such protection unnecessary." 

The chemical action of light is, however, absolutely 
i-equisite for the growth of plants which derive their 
principal nourishment from the atmosphere: They con- 
sume carbonic acid gas. Vapor, nitrogen, and the ammo^ 
hirt it contninjr; but it^is the chemical agency of light 
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that enables them to absorb, decompose, aiid consolidate 
these substances into wood, leaves, flowers, and. fruit. 
The atmosphere would soon be deprived of |Jiese ele* 
ments of vegetable life, were they pot perpetually sup* 
plied by die animal creation'; while in return, plantgr 
decompose liie tnofsture they imbibe, and liaving assim* 
ilated the carbonic acid gas, they exhale oxygen for the 
maintenance of the animated creation, and thus preserve 
a just equilibrium. Hence it is the powerful and com- 
bined influences of th^ whole, solar beams that save, such- 
brilliancy to the tropical forests, while with faeir de- 
creasing energy in the higher latitudes, vegetation be-> 
comes less and less vigorous. 

By far the greater part bf the hundred and ten thou- 
sand known species of plantsare indigenous in Equinoctial 
Ameidca. £urope contains about half the number ; Asia 
with its islands, somewhat less than Europe; ,New 
Holland with the islands in the Pacific, still less ; and in 
Africa there are fewer vegetable productions than in 
any^art of the globe of eqiml extent. Veiy few social 
plants^ such as grasses and heaths, that cover large 
tracte of land, are to be found between the tropics, ex- 
cept on the sea-coasts, and elevated plains : some excep- 
lions. to. this^ however, are to be met with in the jungles 
of the^Deccaii^ IChandis^, 6cc, In the equatorial regions, 
where the heat is always great, the distribution of plants 
depends upon the mean, annual temperature ; whereas 
in temperate zones the distribution is regulated in some 
degree by the summer heat. Some .plants require a 
gentle warmth of long contin^iapce, others flourish most 
where the extremes of heat and eold are greater. The 
range of wheat is^ very great : it may be cultivated as far 
north as the ^Oth degree of latitude, but in the torrid 
zone^ it will seldom form an ear below an elevation of 
4500 feet above the level, of the sea, from exuberance of . 
▼egetatioB ;. nor will it ripen above the height of 10,800 
feet, though much depends uppn local circumstances. 
Colonel Sykes states that in the Beccan wh€»at thrives 
1800 feeit above the level of the sea. The best wines 
are produced between the 30th and 45th degrees of 
north latitude. With regard to the vegetable kingdom, 
elevation ijs equivalent to latitudevas far as temperature 
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y concerned . In ascending tbe mountains of the torrid 
zone, the richness^ of the tropical vegetation diminishes 
with the height ; a succession of plants similar to, though 
not identical with, those found in latitudes of corre- 
sponding mean temperature takes place ; the Jofty for- 
ests by degrees lose their splendor, stunted shrubs suc^ 
ceed, till at last the progress of the lichen is checked by 
eternal snow. On the volcano of Teneriffe there are 
five successive zones, each producing h distinctLrace of 
plants. The first is the region of vines, the next that 
of laurels f these aire followed by the districts of pines, 
of mountain broom, and of grass ; the whole covering the 
declivity of the peak through an extent of 11,200 feet of 
perpendicular height. 

Near the equator, the oak flourishes at the /height of 
9200 feet above the level of the sea, and op the lofty 
range of the Himalaya, the primula, the convaUaria, and 
tbe veronica blossom, but not the ]»inu-ose, the lily of 
the valley, or tbe veronica which adorn our meadows : 
for although the herbarium coUectedl)y Mr, Moorcroft, 
on his route from Neetee to Daba and Garlope in Chi<* 
nose Tartary, at elevations as high or even higher than 
Mont Blanc, abounds in Alpine and European genera, 
the species are universally different, with the sin^e 
exception of the rhodiolii rosea, which is identical with 
the species that blooms in Scotland. It is not in this 
instance alone^that similarity of climate obtains with6ut 
identity of productions ; throughout- the whole globe, a 
certain analogy bctb of structure and appearance is fre- 
quently discovered between plants under correspk>nding 
circumstimces, which are yet specifically difi'eretit. It 
is even said that a distance of 25° of latitude occasions a ^ 
total change^ not only of vegetable productions, but of 
organized beings. Certain it is, that each separate re- 
gion both of ^land add water, from the frozen shores of 
the polar circles to the burning regions, of the torrid 
^<me, possesses a Flora of species peculiarly its own. 
The whole globe has been divided by botanical geogiii- 
phers into twenty-seven botanical districts dififering al- 
most entirely in their specific vegetable productions ; the 
limits 6f which are most decided when they are sepa* 
ratted by a wide expanse of ocean, mountain-chains, 
Z 
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isandy deserts, salt plAinsyror intersal seaB. A consider- 
able^ namber of plants are common to the northern re- 
gions of Asia, Europe, and America, where the- continents 
almost nnite ; but in approaching the south, the Floras 
of these three great divisions of tlie globe differ more 
and more even in the same parallels of latitude, whieh 
shows that temperature alone is not the cause of th^ al- 
most complete diversity^of species that everywhere pre- 
vails. The Floras of China, Siberia, Tartary, of the 
European district including Ceotral Europe, and the 
coast of the Mediterranean,' and the Oriental region, 
.comprising the' couhtries round the Black and Caspian 
Seas, all differ in. specific character. Only, twenty-^four 
species were found by MM. Bonpland and Humboldt in 
Eqtiinoctial 'America identical with -^ those of the old 
worid : and Mr. Brown not only found that a peculiar 
Vegetation exists in New Holland, ^etMteen the 33d and 
35th parallels of south latitude, but that, at the eastern 
and western extremities «f these parallels, not one spe-» 
cies is common to both, and that certain genera also are 
almost entirely confined to these spots. v The number of 
Species common to Australia and Europe are only 166 
out of 41(K), and probably some of these have been con- 
veyed thither by the colonists. - This proportion e^tceeds 
what is- observed in Southeiii Africa, and ^om what has 
been already stated, the proportion of European species 
in Equinoctial America is ^till lessr 

Islands partake of the vegetation of the nearest con- 
tinents, but when very remote from land their Floras 
are altogether peculiar. The Aleutian Islands, extend- 
ing between Asia and America, partake of the vegeta- 
tion of the northern parts of both these continents, and 
may have served as a channel of communication. In 
Madeira and Teneriffe, the plants of Portugal, Spain, 
the Azores, and of the nortii coast of Africa -are found ; 
and the Canarieii contain a< great number of plants be- 
longing to the African^coast. But each of these islands 
possesses a Flora that exists nowhere else; and St. . 
Helena, standing alone in the midst of the Atlantic 
Ocean, out 1)f sixty-one indigenous species, produces 
only two or three recognized as belonging to any other . 
part of the world. 
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^t appears from the investigations of M. de HumboMt, 
that between the tropics the inonocotyledonous plants, 
such as grasses and palms which have only one seed- 
lobe, are to the dicotyledonous tribe, which have two 
seed-lobes Uke' most of the £,uropean species, in .the 
proportion of one to four ; in the temperate zones they 
are as one to six ; and in the Arctic regions, where 
mosses and lichens which form, the lowest order of the 
▼egetAble creation abound, the proportion i§ as one to 
two. The annual monocotyledonous and dicotyledonous 
plants in the temperate zones amount to one-sixth of 
the whole; otnitting -the Cryptogamia (N. 214J; in the 
torrid zone they scarcely form one-twentieth, and in 
Lapland one-thirtieth part. In approaching the equa- 
tor^ the ligneous exceed the number of herbaceous 
plants, in America there are a hundred and twenty 
different species of forest trees, whereas in the same 
latitudes in Europe only thirty-four, are to be found. 

Similar laws appear to regulate the distribution of 
marine plants. M. Lamdui^oux has discovered that tlie 
groups of algae, or marine plants, affect particular tem- 
peratures or zones of latitude, though some few genera 
prevail thi'oughouirthe ocean. The polar Atlantic basin,- 
to the 40t^ degree of iiorth latitude, presents a ^ell-de- 
fined vegetation. The West Indian se&s, including the 
Gulf of Mexico, the eastera coast of South America, the 
Indian Ocean and its gulfs, the shores of New Holland, 
and the neighboring islands, have each the|r distinct 
species. The Mediterranean . possesses a vegetatioa 
peculiar t;o itself, extending to the. Black Sea; and the 
species of marine plants on the coast of Syria and in 
the port of Alexandria differ almost entu'^y from those 
of Suez and theHed^^ea, notwitiistanding the proxim'^ 
ity of their geographical situation. It is observed that 
shallow seas have a different set of plants from, such as 
are deeper and colder ; and, like terrestrial vegetation, 
. the algae are most numerous tqv^rd the equator, where 
the qutmtity must be prodigious, if we may judge from 
the gulf- weed, which certainly has its origin in the 
tropical seas, and is drifted, though not by ^ the gulf- 
stream, to higher latitudes, where it accumukkteerin such 
quantities, that the early Portuguese navigators, Colum- 
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]t>iis and Lerius, compared the sea to extensively inuo- 
dateld meadows, in which it actuaUy impeded their ships 
and alarmed their sailors. M. de Humboldt^ in <^hi8 
Personal Narrative, ^lentioos, that the most extensive 
bank of sea- weed is in the northern Atlantic, a litde 
west of the meridian of Fayal, one of t^e Azores, be- 
tween, the 25th and 36th degrees of latitude. Vessel 
returning to Europe from Monte Video, or from the 
Cape of Good Hope, cross this bank nearly at an equal 
distance frorn^ the Antilles and Canary Islands. The 
other bank occupies a smaller space, betwee^ the 22d 
and 26th degrees of north latitude, about eighty leagues 
west of the meridian of the Bahama Islands, and is gdrn- 
erally traversed by vessels on tiieir passage frotn the 
Caicos to the Bermfuda Islands. These masses consist 
chiefly of one. or two species of Sargassum, the most ex- 
tensive genus of the order Fucoideae. 

Some of the sea-weeds grow to the enormous length 
of several hundred feet, and all are highly colored, 
though many of thetn must grow iu the deep caverns of 
the oceau, in total .or almost total darkness; light how-^ 
ever may not be the only principle on which the color of 
vegetables depends, since M. de Humbpldt met with 
green plaots grovving in complete darkness at th« bottom 
of one of the mines at Freyberg. 

It appears that in the dark and tranquil caves of t^e 
ocean,:on tl^e shores alternately covered and deserted by 
the rostless wave^, on the lofty mountain and extended 
plain, in the chilly regions of the north <Bnd in the genial 
warmth of the south, specific diversity is a general law 
of the vegetable kingdom, which cannot be accounted for 
by diversity of climate : and yet the similarity, though 
not identity, of species is such, under the same isother- 
mal linesr that if the number of species belonging to one 
of the great families of plants be- known in any part of 
the globe, the whole number of the phanerogamous or 
more perfect plants, and also the number of species com- 
posing the other vegetable- families, may be estioiated 
with considerable accuracy. ^ 

.Various opinions have been formed on the original or 
primitive, distribution of plants over the siir&ce of the 
globe ; but since botanical geography became, a regular 
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ficieace, tlie phenomena obsenred have led to the^con^ 
ctosion that vegetable creation must have taken place m 
a number of distinctly different centers, each of which 
was the original seat of a certain number of peculiar 
species, which at first grew there and nowhere else. 
Heaths are exclusively confined to the Old World, and 
no indigenous rose-tree has ever been discovered iii the 
New; the whole southern hemisphere being destitute 
of that beautiful and fragrant plant. But this is still 
more confirmed by multitudes of particular plants hav- 
ing an entirely local and insulated existence, growing 
spontaneously in some partibular spot and in no other 
place ; for example, the cedar of Lebanon, which grows 
indigenously on that mountain, and in no other part of 
the world. On the other haiid, as there can be no doubt 
but that many races of plaiits have been extinguished, 
Sir John Herschel thinks it possible that, these solitary 
instances 'may be the last suryiving remnants of the* 
same groups universally disseminated, but in course of 
-extinctioti ; or that perhaps two processes may be going 
on at the same time ; " some groups may be spreading 
from their foci, others retreating to their last strong- 
holds." 

The same laws obtain in the distribution of the ani- 
mal creation. The zoophyte (N. 215), occupying the 
lowest place in animated' nature^ is w:idely scattered 
. through the seas of the torrid zone, each species being 
«ot^fined to the district best fitted to- its , existence. 
Shell-fish decrease in size aud beauty with their dis- 
tance from the equator; and as far as is known, each 
sea has its own kind, and every basin of the ocean is in- 
habited by its peculiar tribe of fish. Indeed MM. Peron 
and Le Sueur assert, that among the many thousands 
of marine animals which they had examined, there is ^ 
not a single animal of the southern regions which is not 
distinguishable by essential characters from the analo- 
gous species in the northern seas. Reptiles are not 
dxempt from the general law. The saurian (N. 216) 
tribed of the four quarters of the globe dififer in species ; 
and although warm couiitries abound in venomous 
snakes, they arei spedficaliy dififerent, and decrease both 
in numbers and in the virulence of their poison with de*' 
z2 
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crease of temperatare. The. dispersion of insects ne^ 
cessarily follows that of the vegetables which, supply 
theih with food ; andin general it is observed; that each 
Jliind of plant is peopled hj^ its peculiar inhabitants^ 
£ach species of bird has its particular haunt, notwith- 
standing the locomotive powers of the winged tribes. 
The emu. is confined to. Australia, the condor never 
leaves the Andes, nor the great ^agle the Alps; and 
although some birds are common to every country, they 
are few in number. Quadrupeds are distributed in the 
same manner wherever man has not interfered. Such 
as are indigenous in one continent are not the same with 
their congeners in another ; and with the exception of 
some kinds of bats^no warn^^bloodod auinial is indigenous 
in the Polynesian Archipelago, nor in any of the islands 
on the borders of the central part of the Pacific. 

In reviewing die infinite variety. of organized beings 
&al^ people the surface of the globe, nothing is more re^ 
markable than the distinctions which characterize the 
different tribes of mankind, fi*om the ebony skin of the 
torrid zone to the fair and ruddy complexion of Scandi- 
navia— a difference which existed in the earliest recorded 
times, since the African is represented in the Sacred 
Writings to have been as- black as he is at the present 
day, and the most ancient iSgyptian painUnga confirm 
that truth ; yet it appeal's- from a' comparison of the 
principal circumstances relating to the animal economy 
or physical character . of the various tribes of mankind* 
that the different races ace identical in species. Many 
attempts have been made to trace the various tribes 
back to a common origin, by collating the numerous 
languages which are or have been spoken. Some 
classes of these have few or no words in common, yet 
exhibit a remarkable analogy in the laws of then- gram^ 
matical construction. The- languages spoken by the 
native American nations afford examples, of these; in- 
deed the refinement in th^ grammatical oonstruction of 
the. tongues of the American salvages leads to the belief 
that they must originally have been spoken by a much 
more civilized class o£ mankind. Some tongues have 
little or no resemblance in structure, thou^ they cor* 
respond extensively in their vocabularies, as the Syriwi 
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dialects. In aU of these oases it naliy be inferredfAat. 
the nations speaking the languages in question are de- 
scended from the same stock ; but the probability of 4 
common origin js much greater in the Indo-Europea4 
nations, whose languages, such as the Sanscrit, Greek, 
Lati^, G.ej^man, .&;c^, have an affinity >both in structvire 
and. correspondence oi vocables. In many tongues not 
the smallest resemblance can be traced ; length of tii&e, 
however; may have obliterated original identity. .The 
conclusion drawn from, the whole investigation is, that 
although the distiibution of organized beings does not 
follow the direction of the isothermal lines, temperature 
has a very great influence on their pfaysicaidevelopment. 
The heat of the air is so intimately connected with itft 
electrical condition, that electiicity must also affect the 
distribution of plants and animals over the fape of the 
ea|rth,.the more so aait seetns to have a great share in 
the functions of animal and vegetable life. It is tl^e sple 
cause of many atmospheric and terrestrial phenomena, 
ai¥il performs an important part in the economy of nature. 



Section XXVIII. 



Of ordinary Electricity, generally called Electricity of Tenaioiw-Metliods 
of exciting^ Bodies — Transference — Electrics and |^oo-£lectrics— Law^<^ 
its Intensity— Distribution — Tension — Electric Heat and. Light— Atmos- 
pheric Electricity^It^ Caae^— Electric Clouds—Back Stroke—Violent 
Effects of Lightning— Its Velocity— PhoephureBceace—Phoaphoreacent 
. Action of Solar Spectrum — Aurora. 

EiiECTRiciTF is one of, those imponderable agents 
pervading the earth and all. substances, wkhout affecting 
their volume or temperature, or even §^ving any vi»Ue 
sign of its existence when ^in a latent state ; but when 
eUoited developing forces capably of producing the most 
sudden, violent,^ and destructive effects in some cases, 
while in others their action, though less energetic, is of 
indefinite and uninterrupted continuance. These modi- 
fications of the electric force,- incidentally depending 
u|>on the manner in which it is excited, present phe- 
nomena of great diversity, but yet so connected as to 
justify the conclosioa that they originate in a common 
principle. 
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Bisetricity may be called into activity by mechanioil 
power, by chefhical action, by heat, and by magnetic 
inflaeuce. We are totally ignorant why it is ifotised 
irbin its neutral state by such means, or of the manner 
of its existence in bodies, whether it be a material agent, 
, vibrations of <el}ier, or rfierely a property of matter. 
. Various circumstance^ render it more than probable 
that, like light and heat, it is a modification or vibration 
of that subtile ethereal medium which in a highly elas- 
tic state pervades all space, and which is capable of 
moving with various dogrees of fecility through the pores 
evien of the densest substances! As experience shows 
that bodies in . one electric state attract, and in another 
repel each other, the hypothesis of two fluids has been 
adopted by many philosophers ; but probably the mutiicd 
attraction and repulsion of bodies arise froni the fedun- 
daocy and defect of their electricities, though ail the 
electi^al phenomena ciqi be explained on eith«r hy^ 
pothesis. (Bodies having a redundancy of the electric 
nuid are said to be positively electric, and those in defect 
negatively. As each kind of electricity has its peculiar 
properties, the science may be divided into four branch- 
es,, of which the -following notice i» intended to convey 
^ some idea. 

.Substances in a ne;utral state neither attract nor 
ropel. There is a numerous class called electriti, 
in which the electric equilibrium is destroyed by fric- 
tion; then the positive and negative electrieities are 
called into actioi^ or separated; the positive is im- 
pelled in, one direction, and the negative in another ; 
or more cor^ectiy, the electricity is impelled in one di- 
rection at the expense of the other where there is a de- 
ficiency of it. Electricities of the same kind repel, 
whereas those of different kinds attract each other. 
The attractive power is exactly equal to the repoMlve 
power at equal distanceis, and when hot opposed, titey ^ 
coalesce with great rapidity and vicrience; producing 
the electric flash « explosion, and shock: then equili- 
brii^m is restored, and the electricity remains latent till 
again called forth by a new exciting cause. One kind 
of . electricity cannot be evolvod wiliiout the evolution of 
an equal quaiitity of the. oi)posite kind. Thud^when a 
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^ass rod is rubbed with a piece of siNt, ad mnch jll^sitive 
electricity is elicited in the glass as there is negative in 
the silk ; or in other words Siere 48 a redundancy in the 
glass and a proportional deficiency in the silk. The 
kind of electricity depends more upon the mechanical 
eondition than on the nature of the surface :^for when 
two plates of glass, one polished* and the other rough, 
aire rubbed against each other, the polished surfiice ac- 
^ires positive and the rough negative electricity ; that 
is, tiie one gains and the other loses. The manner in 
which friction is performed also alters the kind of elec- 
tricity. Equal lengths of Uack and white riband ap-v^ 
plied longitudinaUy to one another, and drawn between 
the finger and thumb, so as to rub their surfaces to- 
gether^ become ^ectric. When separated, the white 
riband is foiud to' bav<^ acquired positive electricity, and 
the black has lost k, or become* negative : but if the 
whole lensth of the black riband be drawn acnies the 
breadth of the whiter the black will be positively and 
the white 'negatively electric when separate. !l^leic- 
tricity may be transferred from one body tO another in 
the same manner as heat id communicated, and like it 
too, the body loses by the transmission. Although no 
substance is altogether impervious to the electric fluids 
nor is there any that does not oppose tome resistance, 
to its passage,Nyet it moves with much mor^ .faciMty 
through a certain class of substances- called condnctdrs, 
such as metals, water, the htiraan body, &:c., than 
through atmospheric air, glass, ^ilk, &;e.» which are 
therefore Called non-conductors. The conducting povrer 
is aifected both by temperature and moisture. 

Bodies suiTonnded with non-conductors are said to be 
insulated, because, when charged, the electricity cann6t 
escape. When that is not the case, the electricity is' 
ceanreyed to the earth, which is fbrmed of conducting 
master; consequently it is impossible to accumulate 
electricity in a conducting substance that is not insu- 
ULted. There are a great many substances called non> 
elec^ics,ln Which electricity is not sensibly developed 
by friction,. unless they be insulated, probably because it 
ia carried oflT by their -conducting power as sOon as 
elicited. Metals, for example, which are said to be 
18 
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ndD-electrics, pan be excited, but being conductors, liiey 
etmnot i^tain this state ;if in commnoication with the 
earth. ^It is probable that, no bodies exist which are 
either perfect non-electrics or perfect non-conductors. 
But it is evident that electrics must be noiSr conductors 
to a certain degree, otherwise they could not retaia 
their electric $tate. 

It has been suppo^d that an insulated body reraaina 
at jnest, because. the tepMon of the electricity, or its pres*> 
-sure on the air which restrains it, is equal on all sides ; 
but when a body in a similar state, and charged with 
the same kind of electricity, approaches it, that the mur 
txtal repulsion of the particles of the electric "fluid di- 
n|inishes the pressure, of the fluid on the air on the 
adjacent sides of the two bodies, and increases it on 
their remote ends; cpnsequeutly that equilibrium will 
be destroyed, atd • the bodies, yielding to the action of 
the preponderating force, wiU recede from or rep^l 
each other. When, on the contrary,. they are charged 
with opposite electricities, it is alleged that the pressure 
upon the air on the adjacent sides will be increased by. 
the mutual attraction of the particles of the electric 
fluid, and that on the further sidiBs diminishedT con* 
sequently, that the. force will nrge the bodies toward 
one another, the -motion in both cases corresponding to 
the -forces ' producing it. An attempt has thus been 
made to attribute electiical attractions and repulsions to 
the 'mechanical pressure of the atmosphere. It is more 
than doubtful, however, whether these phenomena can 
be referred to that cause ; - but certain it is, that whati- 
ever the nature of the^e forces may be, they are not 
impeded in' their action by. the intervention of any sub- 
Stance whatever, provided it be net itself in an electric 
state. : 

A body cliarged with electricity, although perfectly 
insulated, so that all escape of electricity is precluded; 
tends to produce an electric state of the opposite liind 
jn all 'bodies in its. vicinity. !po«itive electricity tends 
^o produce negative electi'icity in a body near to it, and 
vice versa, the effiect being greater as. the distance, di^ 
minishes. 'This power which electricity possesses^ ef 
GQ^Using an opposite electncal state in ita vicinity, is called 
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induction. When a bodj in either electric state is pre- 
sented to a neutral one, its tendency, in consequence of 
the law of induction^ is to disturb the electrical condi- 
tion .of t)ie neutral body. The electrified body indu^^ 
electricity contrary to its own^ in the adjacent part of 
the neutral one, and therefore an electrical state similar 
to its own in the i:emote part. Hence the neutrality of 
the second body is desdooyed by the action of the first, 
and the adjacent parts of the two, having now opposite 
electricities, will attract each other. The attraction ber 
tween electrified and unelectrified substances is, there- 
fore^ jnerely a consequence of their altered state, re- 
sulting directly from the law of induction, and not. an 
ori^naMaw. The effects of induction depend upon the 
facility with which the equilibrium of the neutral state 
of a body can be oyercome— a. facility which is pi'opor* 
tional to the conducting power of the body. Conse- 
quently the attraction exeited by an electrified substance 
upon another substance previously neutral, will be much 
more energetic if the latter be a conductor than if it be 
a non-conductor. 

. The law of electrical attraction and repulsion has 
been determined by suspending a needle of gum-lac 
horizontally by a silk fibre, the needle carrying at one 
end a piece of electrified gold-leaf. A globe in the same, 
or in the opposite electiical state, when presented to 
the. gold leaf, will repel or attract it, and wiU therefore 
cause the needle to vibrate more or less n^idly accord^ 
ing to the distance of the globe.. A comparison of ^e 
number of oscillations, performed in a given time at dif- 
ferent distances, will determine the law of the variation 
of the electrical iiJtefisity, in the same manner that the 
force of gravitation is measured by the oscillations of 
the pendulum. Coulomb invented an instrubaeiit which 
balances the forces in question by the force of the tor^ 
sion of a thread, which consequently measures ^ their 
intensity ; and Mr. Snow Harris has recently construct-> 
, ed an instrument with which he has measured the 
intensity of the electrical . fbrpe in terms of the weight 
reiquisite to balance it. By these methods it has been 
found that the intensity of the electrical attraction and 
repulsion varies inversely as the squares of the distances.. 
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However, the law of the repulsive force is liable to great 
disturbance fiom inductive action, which Mr. Snow Har* 
ris has found to exist not only between, a charged and 
neut^i body, but also between bodies similarly charged, 
and that'in the latter case the inductivje process may be 
indefinitely modified by the various circumstances of the 
quantity and intensity of the electricity, and the distance 
between the charged bodies. . Since electricity can- only 
be in eqailibrio from the .mutual repulsion bf its par* 
tides, which according to these experiments varies in- 
versely as the siquafe of the distances, its distribution in 
different bodies depends upon the laws of mechanics, 
and therefore becomes a subject of analysis and calcula- 
tion. Although the distribution of the electric fluid has 
employed the eminent analytical talents of M. Poisson 
and Mr. Ivory, and thouglf many of their computed 
phenomena have been confirmed by observation, yet 
recent experiments show that the subject is still involved 
in much difficulty. Electricity is entirely confined to 
the surface of bodies ; or if it does penetrate their sub- 
stance, the depth is inappreciable ; so that the quantity 
bodies are capa^e of receiving does not follow the pixi- 
) portion of their bulk, but depends principally upon the 
form and extent of surface over which It is spread : thus 
the exterior may be positively or negatively electric, 
while the interior is in a state of perfect neutrality. . 

It appears from the experiments of Mr. Snow Harris, 
that a given quantity of electricity divided between two 
perfectly equal and similar hodies, exerts upon external 
bodies only one-fonith of the attractive force apparent 
when disposed .upon- one of them ; and if it be distrib- 
uted among three equal and simUar bodied the force is 
one-nintb of that apparent when it is disposed on one of 
them. Hence if the quantity of electricity be the same, 
the force varies inversely as the square of the surface 
over which it isdisposed ; and if the suiface be the same, 
the force varies directly as the square of the quantity 
of the electric fluid. These laws however do not hold 
when the form of the sur&ce is changed. A given 
quantity of electricity disposed on a given surface has the 
gre$itest intensity when the surface has^ a circular form, 
and the least intensity^ ^hen the surface is expanded 
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jnto an indefinite right line. The decrease of futensitf 
seennTs to arise from some peculiar arrangement of the 
electricity deptoding on the extension of the surface, 
and has been considered by Volta to consist in the re- 
moval . of the electrical particlea ferther without the 
6phere of each other's influence. It jb quite indepehd^ - 
ent of the extent of the edge, the area being the same ; 
for Mr. SnoW Harris, found that the electrical intensity 
of a charged ^here is ' the same with that of a plane 
circular area of the same superficial extent, and that of 
a charged cytinder the same as if it were cut open and 
expanded into a plane surface. 

The same able electrician has shown that the attract- 
ive force between an electrified and a neutral uninsulated 
body is the same, whatever.be the forms of their u^iop- 
posed parts. Thus two hemispheres attract each other 
with precisiely the sanie force as if they were spheres; 
and as the force is as the number of attracting points in 
operation directly^ and as the squfeires of the respective 
distances inversely, it Ibllows that the attraction between 
a mere ring and a^circular area is no greater than that 
between two similar rings, and the force between a 
sphere and an opposed spherical segment of the same 
curvature is no greater than that of two similar segments, 
each equal to the given segment. 

Electricity may be accumulated to a great extent in 
insulated bodies; and so long 'as it is quiescent, it occa- 
sions no sensible change in their propertied though it is 
spread over their suriaces in indefinitely thin layers. 
When restrained by the non-conducting power of the 
atmosphere, the tension or pressure exerted by the elec- 
tric fluid against the ai^ which opposes its eseap'e, is in 
the ratio compounded of the repulsive force of its own 
panicles at the surface of the scutum of the fluid, and 
of the thickness of thkt stratum. But as one -of these 
dements is always proportional to the other, the total 
pressure- on every point must be proportional to the 
squares of the thickness. If this pressure be less than 
&e coercive force of the air, the electricity is retained ; 
but the instant it exceeds that force in any one~ point, 
the electricity escapes, which it will do when the air is 
iittenuRted, or hecomes saturated with moisture. It ap- 
A A 
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pears that tl\p resistance of tlie air to the passnge of the 
electric jfluid is proportional to the square of its density, 
but that the. action of electricity i6n distant bodies by in- 
duction is quite independent of atmospheric pressure, 
and is the same in v^oao as in air. \ < 

The power of retaining electricity depends also upon 
the shape of the body. It is most easily retained by a 
sphere, next to that by a spheroid, but it. readily escapes 
from a point;, and a pointed object receives it with- 
most facility. It appears from analysis, that efectricity,. 
when in equilibrio, spreads itself in a thin stratum over 
the surface of a sphere, in consequence of the repulsion 
of its particles, whiclf force is directed from the center 
to the surface. In an oblong s{^6roid, the intensity Or 
thickness of the stratum of electricity at the extremities 
of the two axes is exftctly in the proportion of the axes 
themselves ; hence, when the ellipsoid is much elon- 
gated, the electricity beofimes very feeble at the equator, 
and powerful at the poles. A still greater difference in 
the intensities takes place- in bodies , of cylindrical or 
prismatic form, and the more so in proportion as thei/ 
length exceeds theii* breadth; therefore the electri(3al 
intensity is veiy poW^erful at a point where nearly the 
whole electricity *nn the body is concentrated. Not- 
withstanding these analytical results, it is doubted 
whether the disposition of electrified ^bodies to discharge 
their electricity from points or edges may not arise from 
the superior attractive force generated by induction in 
external bodies, rather than from an original concentra- 
tion of the Qleetric fluid in these parts. 

A perfect conductor is not mechanically affected by 
the passage of electricity, if it be of ^sufficient size to 
carry off the whole ; but it is shivered to pieces in ah 
ins^Ant if it be too small to carry off the charge : this 
^Iso happens to a bad conductor^ In that case the 
physical change is. generally a separation of the particles, 
though it may occasionally be attributed to chemical 
action, or expansion from the heat evolved during the 
passage of the fluid ; but all these effects are in propor- 
tion to the obstacles opposed to the freedom of its 
course. The heat produced by the electric shock is 
intense, fusing metals, and even volatilizing substances, 
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tbougliit is only accoaipQtiied by lightwhen the fluid is 
obstructed in its passage. . ' 

Electrical light, wbon analyzed by die prism, pre- 
sents very different appearances to the solar light. 
FiSauenhofer found that instead of, the fixed dark lines 
of the solar spectrum, the spectrum of an electric spark 
was crossed by very numerouis bright Hnes ; and Pro^ 
fi^ssor Wheatstone has observed that the number aad 
position of the lines di^r with the metal from which 
the spark lis taken. According to M. Biot, electrical 
light arises from the condensation of the air during the 
rapid motion of the electricity, and varices both in in* 
tensity and color with the density of the atmosphere. 
When the air is dense, it is white and brilliant; whereas 
in rarefied ipr it is diffuse and of a reddish color. . The 
experiments of Sit Humphry Davy, -however, seem to 
fte at variance with this opinion. He passed the elec- 
tric spark through a vacuunn-over mercury, which, 
from green, became successively sea-green, blue, anil 
purple, on admitting different quantities df air. < When 
the vacuum ^vas made over a fusible alloy of tin and 
bismuth, the spark was yellowislv and extremely pale. 
Sir Humphry .thence concluded, that electrical light 
principally depends upon some properties belonging to 
the ■ ponderable matter through which it passes, and 
tiiat space is capable of exhibiting luminous appearances, 
though it does not contain an appreciable quantity of 
this matter. He thought it not improbable that tiie 
superficial particles of bodies which form vapor, when 
detached hj the repulsive power lof heat, might be 
equally separated by the el0ctric forces, and produce 
luminous appearances in vacuo, by the destruction of 
their opposite electric states. Professor . Wheatstone 
has been led to conclude that electrical light results 
from the volatilizatwn and ignitnon of the ponderable 
matter of the conductor itself. : 

Pressure is a source of electricity Vvhich M. Becquerel 
has found to be^conamon to all bodies ; but it is necessary 
to insulate them^to prevent its escape. When two sub- 
stances of any ki^ whatever are insulated and pressed 
together, they assume different electric states, but they 
only &how contrary electricities when one of them is a 
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good' conductor. >iVlien both.i^e good conductors, ihsj 
must be separated with extreme rapidity, to prevent 
the return to equilibrium. , When the separation is 
very sudden, the tension of the two electricities 4nay be 
great enough to produce light. M. Becquerel attributes 
ihe light produced by the collision of icebergs to this 
cause. Iceland spar is made electric by the smaUesk 
pressure between the finger and thumb, and retains it 
fbr a long time. All these circumstances are modified 
by the temperature of the substances, the state of their 
surfaces, V and that of. the atmosphere. Several crys- 
taline . substances become electric when heated,, es- 
pecially tourtnaline, one end of which acquires positive 
and .the other negative electricity, while the interme- 
diate part is neutrsd. If a tourmafine be broken through 
the middle, each fragment is found to. possess positive 
electricity at one end, and negative at the other, filiti 
the entire brystal. Electricity is evolved by. bodies 
passing from a liquid to a solid state ; also by chemicid 
action during the production and condensation of vapor^ 
which is consequently a great source of atmospheric 
electricity. The steam issuing from the valve of an 
insulated locomofive steam engine produces seven times 
the quantity of electricity that an electrifying machine 
would do with a plate three feet in diameter, and 
worked at the rate of 70 revolutions in a minute. In 
short, it may be stated generally, that when any cause 
whatever, such as friction, pressure, heat, fracture, 
chemical action, &:c.,. tends to destroy molecular attrac- 
tion, there is a development of electricity, tf, however, 
the moleculea be not immediately separate^d, there will 
b^ an instantaneous restoration of equilibrium. . 

The earth possesses a powerful electrical tension, and 
the atmosphere, when clear, is almost always positively- 
electric. Its electricity is stronger in winter than itt 
summer, during the day than in Sie night. The inten- 
sity increases for two or thi'ee hours from the time of 
sunrise, comes to a maximum between seven and ei^t, 
then decreases toward the middle of the day, arrives at 
its minimum between one and two, and again augments 
as the sun declines, till about the time of sunset, after 
which it diminishes, and continues feeble during the 
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nigkt. Atmospheric electricity arises partly from an 
evoiution of the electric fluid dcoing tiie evaporation 
that is so abmidaot at the surface of the earth, thou^^ 
not under all circumstances. M. Pouillet has recent^ 
come to the conclusion, that simple evaporation never 
produces electricity, unless accompanied, by chemical 
acjion, but that electricity is always disengaged when 
the water holds a salt or some other substance in aolu- 
tion. He found when water contains fime, chalk, or 
any>solid alkali, that die vapor arising irom it is nega* 
tively electric ; and when the body held in solution is 
either gas, aeid, or some of the salts, that the vapor 
given out is positively electric. The ocean must there** 
fore afford a great supply of positive electricity to the 
atmosphere ; but as M. Becquerel has shown that elec- 
tricity of one Mnd or other is developed, whenever the 
mtAecules of bodies are deranged from their natural 
positions of equilibrium by any cause whatever, the 
chemical changes on the, surface of die globe must occa* 
sion many variations in the electrical state of the atmos- 
phere. 

Clouds probably ewe their existence, or at least their 
form, to electricity, for according to some authors they 
consist of hollow vesicles of vapor coated with it. As 
the electricity is either entirely positive or negative^ the 
vesicles repel each other, wluch prevents 'them from 
uniting and felling down in rain. The friction of thto 
surfaces of two strata of air moving in different diree- 
tions, probably developes electricity; and if the strata 
be of different temperatures, a portion of the vapor they 
always contain will be deposited ; the electricity evolved 
will be taken up by tlie vapor, and cause.it to assume 
the vesicular state constituting a cloud. A vast deal of 
electricity may be accumulated/^ in this manner, which 
may be ^ther positive or negative. When two clouds, 
charged With opposite kinds, .approach within a certain 
dilstance, the thickness of the coating of electricity in- 
creases on the two sides of the clouds that are nearest 
to one another ; and when the accumulation becomes 
so great as to overcome the coercive pressure of tbe 
atmosphere, a discharge takes place, which occasions a 
flash of lightning. The actual i]uantity of electricity in 
aa2 
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noyaoe part of a cloud is extremeljr small. The inteor 
sity of the flash arises from the yery great extent of 
sxirfskce occupied hj- the ialectricity ; so l^at clouds may 
be compared ,to eaormous Leyden- jars thinly coated 
:with the electric fluid, which only acquires its intensity 
by its instantaneous condensation. The rapid and irreg- 
ular motions of thunder clouds are, in all probability^ 
more owing to stroiig electrical attractions and repul- 
sions among themselves than to currents of air, though 
both are no doubt concerned in these hostile inave- 
ments. / 

Since the air is a non-conductor, it does not coqvey 
tiie electricity from the clouds to. thje earth, but it ac- 
quires from theta an opposite electricity, and when the, 
tension is i^ery great the force of the electricity becomes 
irresistible, and an interchange takes place between the 
clouds and the earth ; but so rapid is the-motion of ligh% 
ning, that it' is difficult to ascertain when it goes from- the 
elouds to the earth, or shoots upward from the earth 
to the clouds, though there 'ban be ijo doubt that it 4o«s 
both. In a storm which occurred at Manchester, in the 
month of June, 1835, the electric fluid was observed to 
issue from various points of a road, attended by explo- 
fiions as if pistols had be^n fired out of the ground. A 
man appears to have been killed by on6 of these explo- 
sions taking place under his right foot. M. Gay-Lussac 
has ascertained that a flash of lightning sometimes darts 
more jthan three miles at once in a straight line^ 
. A person may be killed by lightnings although the 
explosion takes place at the distance (^ twenty miles, 
by what is called the back stroke. Suppose that the 
tWo extremities of a cloud highly charged with electri- 
city hang down toward the earth: they will repel the 
electricity from the earth's surface, if it be of the same 
kind with their own, and will attract the other kind ; 
and if a discharge should suddenly take place at one 
end of the cloud, the equilibrium- will instantly. be- re- 
jstored by a^ash at that point qf the earth which is uu- 
der the other. Though the back stroke is often suffi- 
xdently powerful to destroy life, it is never so terrible in 
its effects as the direct shock, which is frequently of 
inconceivable intensity. Instances have occurred in 
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Tvihich large masses of iron and stones and eyen nian^ 
feet of a stone wall, have been conveyed to a con- 
siderate distance by a stroke of lightning. Rocks and 
the tops of mountains . often bear the marks of fusion 
from its action ; and occasionally vitreous tubes, de- 
scending many feet into baiiks of sanj, mark the path 
of the electric fluid. Some years ago, Dr. Fiodler ex- 
hibited several of these fiilgorjtes^ in London, of con- 
srdei-able length, which had been dug out of the sandy 
plains of Silesia and ^Eastern Prussia. One found at 
Paderborn • was fort^ feet long. Their ramifications 
generally terminate in pools or springs of water below' 
the sand, which are supposed to determine the course 
of the electric fluid. No doubt the sbii and substrata 
must influence its direction, since it is found by experi- 
ence that plae6s which have been struck by. lightning 
are often struck again. A l^chool-house in Lammer- 
muir, East Lothian, has been struck three diflerent 
times. ^ 

> The atmosphere^ at all times positively electric* be- 
comes, intensely so on the approach (^ rain, snow, wind, 
hail, or sleet ; but it afterward varies, and the transi- 
tions are very rapid on the approadh of a thunder-storm. 
An isolated conductor then gives out such quantities of 
^pai^^s thatt it is dangerous to approach it, as was fatally 
experienced by Professor Rickinan, at Petersburg, wha 
was struck dead by a globe of fire from the extremity 
of a conductor, while making experiments on. atmos- 
pheric electricity. There is no instance on record of an 
electric cloud of high tension being dispelled by a con* 
ducting rod silently withdrawing the electric fluid; yet 
it may mitigate the stroke^ or render it harmless if it- 
should come. Copper conductors aflbrd the best pro- 
tection against lightning, especially if they expose a 
broad suiface, since tiie electric fluid is conveyed along 
th^ exterior of bodies. Conductors do not attract the 
electric fluid from the douds ; their objeet is t6 carry 
it off in case of a stroke* and therefore, they ought to 
project very little, if at all, above the building. 

When- the air is highly rarefied by heat, its coercive 
power is diminished so that the electric fluid -escapes 
from- the clouds, and never can be accumulated beyond 
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a certain limit; whence those lambent diffuse flashes of 
lightning without thunder so frequent in warm summer 
evenings. 

The velocity of electricity is so great, that the most 
rapid motion which can be produced by art appear^ to 
be actual rest when compared with it. A wheel re- 
volving witii celerity sufficient to render its spokes invis- 
ible, when iU^minated by n flash of lightnirig, is seen for 
an instant with aH its spokes distinct, as if it WlE^re in a 
state of absolute repose ; because, however raplcT the 
rotation may be, the light has come and abeady ceased 
before the wheel has had time to turn through ft sensible 
space. This beautiful experiment is due to Professor 
Wheatstone, as well as the following variation of it, 
which' is not less striking : Since a sunbeam consists of 
a mixture of blue, yellow, and red light, if a circular 
i piece of pasteboard be divided into three sectors, one of 

[ which is painted blue, anotiier yellow, and a third red, . 

it will appear to be white when revolving quickly, be- 
\ cause of the rapidity with which the impressions of the 

I colors succeed each other on the retina. But the in- 

stant it is illuminated by an electric spark, it seems to 
stand still, and each color is as distinct as if it were at 
'f rest. This transcendent speed of the electric fluid has 

been ingemously measured by Professor Wheatstone ; 
and although his experiments are not far enough ad- 
vanced to enable him to state its absolute celerity, he has 
i ascertained that it much surpasses the velocity t>f light. 

/ In the horizontal diameter of a small disc fixed on the 

^ wall of a darkened room are disposed six small brass 

•balls, well insulated from each other. An insulated 
^ copper wire half a mile long is disjoined in its middle, 

^ and also near its two extremities ; the six^nds thus ob- 

•^ tained are connected with the six balls on the disc. 

^ When an electric discharge is sent througli the wire by 

' ^ connecting its two exta'emities, one with the positive, 

^ and the other with the negative coating of*^ Leyden 

jar, tiiree sparks are seen on the disc, apparently at the 
sapie instant. At the distance of about ten feet, a small 
revolving mirror is placed so as to reflect these three 
sparks during its revolution. From the extreme velocity 
cf the electricity, it is clear, that if the three sparks be 
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«imultaneous, they will be reflected, and will vanish be- 
fore the mirror has sensibly changed its position, how- 
ever rapid its rotation may be, and they will be seen in a 
straight line. But if the three sparks be not simultane- 
jously transmitted to the disc— if one, for example, be later 
than the other two — the mirror vnU have time to revolve 
through an indefinitely small arc in the interval between 
the reflection of the two sparks and that of the single 
one. liowever, the only indicajtion.of this small motion 
of the ifnirroi: will be, that the single spark will not be 
reflected in the same straight line with the other two, 
but a little above or below Jt, for the reflection of all 
three will still be apparently simultaneous, the time in-! 
tervening being much too short to be appreciated. 

Siiice the number of revolutions which the revolving 
mirror makes in a second are known, and the angular 
deviation of the reflection of the single spark from the 
reflection of the other, two can be measured, the time 
elapsed between their consecutive reflections can be as- 
ceitained. And as the length of that part of the wire 
through which the electricity has passed is given, its ve- 
locity may be fpund. 

Smce the number of pulses in a second requisite to 
produce a musical note of any pitch is known, the num- 
ber of revohition's accomplished by the mirror in a giv^n 
time^niay be determined from the musical note produced 
by a tooth or peg in its axis of rotation sfxiking i^inst a 
card, or froi^ the notes of a su-en attached to the axis. 
It was thus that Professor Wheatstone found the mir- 
ror which he employed in his experiments to make 800 
revolutions in a second; and as the angular velocity of 
the reflected image in a revolving mirror is^ double that 
of the mirror itself, an angular deviation of one degree 
in the appearance of the two sparks wjould indicate an 
interval of the 576,000th of a second ; the deviation oi 
half a degree would, therefore; indicate more than the 
millionth of a second. The use of sound as a measure 
of velocity is -a happy illustration of the connection of the 
physical sciences. 

When the atmosphere is highly charged with elec^ 
tricity, it not unfi-equently happens that electric b'ght in 
the form of a star is seen on the topmast and yard-arms 
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of ships. " In 1B31 the FreDch officers at Algiers were 
. surprised to see brashes of light on the heads of thieir 
comrades, and at the. points of their fingers, when they 
held up their hands. This phenomenon was well known 
to the ancients, who reckoned it a lucky omen. 

Many substances in decaying emit light, which is at- 
tributed to electricity, such, as fish and rottjen ^ood. 
OjTster shells, and a^ variety of minerals, become ]^os- 
phorescent at certain temperatures, when exposed to 
electric shocks or friction: indeed most of the causes 
which disturb molecular equiUbrium give rise to phos- 
phoric phenomena. The minerals possessing this prop- 
erty are generally colored or imperfectly transparent; 
and though the color of this light varies in different sub^ 
stances, it htis no fixed relation to the color of the min- 
eral. An intense heat entirely destroys this property, 
and the phosphorescent light developed by heat has no 
connection with light produced by friction^ for Sir David 
Brewster observed that- bodies deprived of the faculty of 
emitting the one are still capable of giving out the other* 
Among the bodies which generally become phosphores- 
cent when exposed to heat, there are some specimens 
^hich do not possess this property, wherefore phospho- 
rescence cannot be regarded as an essential character of 
the ininerals possessing it. Sulphure't o(.ccddum, known 
as Cantpn's phosphorus, and the sulphuretof barium, or 
Bologna stone, possess the phosphorescent property in 
an eminent degree, and M. Edmond Becqaerel has shown 
that on these substances a very remarkable phosphores*- 
cent e fleet is produced by the action of the different 
mys of the solar spectrum. In former times Beccaria 
stated that the videt ray was the most energetic, and 
the I'ed i-ay the least so, in exciting phosphoric light. M. 
-Becquerel has shown that two luminous bands separated 
by a dark one afe excited by the solar spectrum on pa- 
per covered with a solution of gura-atatnc and strewed 
with powdered sul{^uret of calcium. One . of the lu- 
minous bands occupies the space under the least refran*- 
gible violet rays, and the other that beyond the lavender 
rays, so that the dark band lies on the part under the 
extreme violet and lavender- rays. When the action of 
the spectra) light is con^ued, the whole surface beyond 
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the least refrangible violet shines, the laminous bands 
already mentioned brightest, but aU the space from the 
least refrangible violet to the extreme red remains dark. 
If the surface prepared with either the sulphuret of cal* 
cium or t)ie Bologna stone be exposed to the sun^s light 
for a short J^ime it becomes luminous all over, but when 
in this state a solar spectrum is thrown upon it, the 
whole remains luminous except the pait from t^e least 
refrangible violet to the extreme red, on which space 
the light is extinguished; and when the temperature of 
diis surface is raised by a lamp, the bright parts become 
more luminous and the dark parts remain dark. Glass 
stained by the protoxide of copper, which transmits only 
the red andoraage i-ays together with the chemical rays 
that accompany mem, has the same^ effect with the less 
refi:angible part of thfe spectrum ; hence there can be no 
doubt that the most refrangible and obscure rays of the 
spectrum excite phosphorescence, while all the less re- 
frangible rays of light and heat ei^tinguish it. It appears 
from the expefiments of MM. Biot a^d Becquerel that 
electrical disturbance produces these phosphorescent 
effects. There is thus a mysterious connection between 
the most refrangible rays and electricity, whith the ex- 
periments of M. E. Becquerel confirm, showing that 
electricity is developed during chemic€il action by the 
violet rays, that it is very feebly developed by* the blue 
and indigo, but that none is excited by the less refrangi- 
ble part of the spectrum. 

Paper prepared with the sulphuret of barium when 
under the soJar spectrum shows only one space of max- 
imum luminous intensity, and the destroying rays are 
the same as in sulphuret of calcium. 

Thus the .obscure mys beyond the extreme violet 
possess the property of producing light, while the lumi- 
nous rays have tfee power of extinguishing it. 

The phosphoric spectrum has inactive lines which 
coincide with those in the luminous and chemical spec- 
tra at least as far as it extends, but in order to be seen, 
the specti'um must be received for a few seconds upoo ^ 
the. prepared surface through an aperture in' a dark 
room, then the aperture iiiust be closed, and the tem- 
perature of the.smface raised two or three hundred 
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degrees ; the phospboi^cent parts then shihe bnlliantiyi 
and the dark Unea appear black. 

Since . the parts of similar refra|igtbility in the differ- 
ent spectra are traversed by the same dark lines, rays 
of the same refrangibility are probably absorbed at the 
same time by die different mcKiia through which tbey 
pass. Multitudes of fish are endorwed with the power 
of etnltting light at pleasure, no doubt to enable tfaem 
to pursue their prey at depths where the sunbeams can- 
not penetrate. Flashes of light are frequently seen to 
dart aloiig a shoal of herrings or pilchards; and the 
Medusa tribes are noted for tiaetr phosphorescent brill- 
iancy, nmny of which are extremely smiall, and so nu- 
merous as to make the wake of aressel look like a stream 
pi silver. Nevertheless^the luminous appearance which 
is frequently observed in the sea during the summer 
months cannot always be attributed to marine animialculae, 
af the following narrative will show i— 

Captain Bonnycastle, coming up the Gulf of $t. Law- 
rence on^ the 7di of September, 1826, was roused by 
the mate of the vessel in (great alarm from an unusual 
appearance. It was a starlight night, when suddenly 
the sky became overcast in the direction of the high 
land of Cornwallis country, and an instantaneous and 
intensely vivid light, resembling the aurora, shot out of 
the hitherto gloomy and dark sea on the lee bow, which 
was so hriUiant th^t it lighted everything distinctly, even 
to the mast-head. The light spread over the whole 
sea between the two shores, and the waves, which be- 
fore had been tranquil, now began to be agitated. Cap- 
tain Bonnycastle describes the scene as that of a blazing 
sheet of awful and most bi-illiant light. A long cmd vivid 
hire of light, supei-ior in brightness to the parts of the 
sea not immediately near the vessel, showed the base 
of the high, frowning, and dark land abreast ; the sky 
became lowering and more intensely obscure. Long, 
tortuous lines of light showed immense numbers of very 
large fish darting about as if in consternation. The 
spritsail-yard and mizen-boom were lighted by the glare, 
as if gas-lights had been burning directly below them ; 
and Until }ust before daybreak, at four o'clock, the most 
minute ebjects were distinctly visible. Day broke very 
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slowly, a^d the sun rose of a fiery and threatening as- 
pect. Kain followed* Captain Bonnycastle caused a 
bucket of this fiery water to be drawn up ; it was one 
mass of light when stirred by the hand, and not in sparks 
a» tfsual, but in actual coruscations. A portion of the 
wat^r preserved ita luminosity for- seven nights. On 
tide third night, the scintallaticws of the sea reappeared ; 
this evening the sun went down y^ry singularly, exhibit- 
ing in its .descent a double sun ; and when only a few 
degrees high, its spherical figure changed into that of 
a tong cylinder, which reached the hori^n. In the 
night the sea became nearly as luminous as before, but 
en the fifdi night the appearance entirely ceased.' Cap- 
tain Bonnycastle does not think it proceeded from ani- 
waksulaB, but imagines it might foe some oompoufld of 
I^bo0pho):us, suddenly evolved and disposed over the sur- 
fiice of t^e sea ; perhaps from the exuvi® or secretions 
of fish cohne<^ted wilbh &e oceanic salts, muriate of sdda,. 
and sulphate of magnesia; 

The aurora boreaHs is decidedly an electrical plienom* 
eaon^ whieh stakes place in the. highest rb^ons of the 
atmosphere, smee it i»yisibld at &e same time irowi 
places very far distant from each other. It is somehow 
Qcmneoted with the magnetic poles of the eMrfch, and oc^ 
oasions vibraticms in.tba magnetic ueedle. M. Arago 
ba9 frequently remarked tibat the needle was pow^rfaSjr 
agitatod ati Pa^, by an anrora that was beliyw the hori-^. 
zon, and ccmsequently invisible, but Whose existence 
was known from the observations of the polar navigators. 
The aurora has never been £^ea'so fan north as the pole 
of the earth's rotation, nor does it extend to low latitudes. 
It generally appears in the Ibrm of a luminous arch, 
stretching more or leas from ea^ to west, bi:^ never fronoi 
n(^th to south, the most elevated point being always in 
the magnetic meridian of the place of the dba»rver ; and 
across ti^Q^ar^ the coruscations are rapid, vivid, and of 
various colors, but whether there be any sound is still m 
disputed poin|b A similar phenomenon occurs in the high 
latitudes of the southern hemisphere. Dr. Faradajii 
conjectures that the electric equilibrium of the eaarth ia 
resUn^d by the aurora eonveyingthe electricity ftoai iko 
poles to the eiquator. 

19 Bb 
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Yol^c Electricity— The Voltaic Battery— Intensity— Quantity—Conftpari'- 
son of the Electricity of Tensiwi with Electricity in Motion— Luminou* 
.. Effects— Decomposition of Water— Foimation of Crystals by Voltaic' 
Electricity— Electrical F^sh. >' 

Voltaic electricity is of that peculiar kind which is 
elicited by the force of chemical action. It is^onnected 
with one of tiie most briltiant periods of il^ritish science, 
from the splendid discoveries, to which it led Sir Hum-' 
phry JDavy, and it has acquired additional interest 
since the discovery of the reciprocal action d£ Voltaic 
and magnetic currents, which has proved that magnetism 
is only an effect of electricity, and that it hasno existence 
, as a distinct or sreparate principle. Consequently Voltaic 
electricity, as immediately connected with the theory of 
the earth and planets, forms a palt of the physical ac- 
count of their nature. . ■ 

In 1790, while Galvani, Professor of Anatomy in Bo- 
logna, was making exjperiments on electricity, he was 
surprised to see convulsive motions in the hmbs of a 
d^ad frog accideiitally lying near the machine during an 
electrical discharge. Though a similar action had been 
noticed long before his time, he was so much Struck with 
this singuto phenomenon, that he examined all the cir- 
cumstances carefully, and at length found that convulisions 
take place when the nerve and niuscle of a frog are con- 
nected by a metallic conductor. This excited the atten- 
tion of all Europe ; and it was not Fong before Professor 
Vol£a of Pavia ishowed that the mere contact of different 
bodies is sufficient to disturb electrical equilibrium, and 
that a current of electrici^ flows in one direction through 
a circuit of three conducting substances. From this he 
%as led, by acute reasoning and experiment, to fhe con- 
struction of the Voltaic pUe, which, ih its early form, 
consisted of alternate discs of zinc and copper, s^>arated 
by pieces of wet cloth, the extremitiejB twing connected 
by wires. This simple appariitus, perhaps the most- 
wonderfiil instrument that has been invented by the in- 
genuity of man, by divesting electricity of its sudden and 
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uncontrollable violence, and giving in a continued stream 
a greater quantity at a diminished intensity, has exl^bited 
that fluid under a new and n^anageable form, possessing 
powers the most astonishing and une;xpected. As the 
Voltaic battfeiy has become one of the most important 
engines of physical research, some account of its present 
condition may riot be out of place. ^ 

The disturbance of el<ectiic equilibrium, and .a devel- 
opment of electripity, invariably accompany the chem- 
ical action of 1;he fluid on metulic substances, and are 
most plentiful when that action occasions oxidation. 
Metals vary in the quantity of electricity affoi'ded by 
their ccHnbination with Oxygen. But the greatest 
abundance is developed by the oxidation of zinc by weak 
sulphuric acid. And in conformity with the law that 
one kind 7>f electricity cannot l>e evolved without an 
equal quantity of the other being brought into «ctii4ty, 
it is found that the acid is positively,. and the zinc nega- 
tively electric. It has not yet been ascertained vmy 
equiUbrium i» not restored by the contact of these two 
substances, which are both Conductors, and in opposite 
electrical stiites. However, the electrical and cheuiical 
ohcmges are so connected, that unless equilibrium be 
restored, the "action of the acid will go on lismguidly, or 
stop as soon as a cert^n quantity of electricity is accu- 
mulated in it. > Equilibrium nevertheless will be restored, 
and the action of the acid will be continuous, if fi plate of 
copper be placed in contauct with the zinc, both being 
immersed in the fluid ; for the copper, not being acted 
upon by the acid. Will serve as a conductor to convey 
the positive electricity from the acid to the zinc, and 
will at every instant restore the equilibrium, and then 
the oxidation, of the zinc will go on rapidly. Thus 
three substances are concerned in forming a Voltaic 
circuit, but it is indispensable that one of them should 
be a fluid. The electricity so obtained will be very 
feeble in overcoming resistances oflered by imperfect- 
conductors interposed in the circuit, or by very long 
wires, hut it may be augmented by increasing the num- 
ber of plates. In the common Voltaic battery, tho 
electricity which the fluid has- acquired from the first 
plate ef zinc, exposed to its action, is taken up by the^ 
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copper plate belonging to the second peir^ and tranafeiTed 
to die second zinc. plate» with which it is connected, 
The second pkte of^zinc possessing equal powers, and 
acting in conformity with the first, having thus acquired 
& larger portion of electricity than its naitural share, 
communicates' a larger quantity to the fluid in the second 
cell. This increased ^quanti^ is agjain transferi*ed to 
the next pair of plates ; and thus every succeeding al- 
ternation is productive of a further increase in the 
quantity of the dectrieity developed. This action, 
howeyer, would stop unless a vent were given to ^e 
accumulated electricity, by establishing a communication 
between the positive and negative poles^of the battery, 
by means of wires .attached to the extreme plate at eaeh 
end; When the w^es are brought into jsontact, tha 
Ybltaic circuit is completed, the electricities m^iet and 
neutralize each other, producing the shook and other 
electrical phenomena; and the& the electric, current 
continues to ^w uninterruptedly in the circuit, as long 
as the chemical action lasts. The stream -of positive 
electricity ^flows from the zinc to the copper. The 
construction and power of the Voltait battery has been 
much improved of late years, but the most valuable 
recent improvement is the constant batteiy of Professor 
Daniell. In all- batteries, of the ordinary construction, 
the power, however Energetic at first, rapidly diminishes, 
and ultimately becomes very feeble. Professor Daniell 
found that this diminution of power is occasioned by Idie 
adhesion of the evolved hydrogen to the surface of the 
copper,' and to the precipitation of the sulphate fonned 
by the action (^th.e acid on the zinc- He prevents the 
latter by interposing between the copper and the zinc, 
in the cell containing the Bquid, a membrane which, 
without impeding the electric current, prevents the 
transfer of the salt; and the former, by placing between 
the copper and the membrane solution of sulphate of 
copper, which being reduced by the hydrogeii prevents 
the adhesion of this gas to the metallic surface. Each 
element of the battery consists of a hollow cylinder of 
.copper, in the axis of which is placed a cylindrical rod of 
zinc; between the zinc and the copper a membranous 
'hAg is placed, which divides the cell inUrtWo portions, 
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tlie inner of which is filled with, dilute acid, and the one 
nearer the copper is supplied with crystals of the sul- 
phate of that metal. The battery consists of several of 
these elementary cells connected together by metallic 
wires, the zinc rod of one with the copper '^sylinder of 
that nekt to it. The asiric jods are amalgamated, so that 
local a9tion, which in ordinary cases is so destructive of 
the zinc, does not take place, and no chemical action is 
manifested unieos the circuit- be completed. * The rod^ 
are easily detached, and others substituted for Ihem 
-wfeen worn out. This battery, which possesses con- 
-udierafole power^ and is constant in its effects "for a very 
^ long period of time, is greatly superior to alt former ar- 
rangements, eitiier as an instrument of research, or for 
exhibiting the ordinary phenomena of Voltaic electricity. 

A battery charged with water alone, instead of acid, 
is very constant in its action, but the quantity of elec- 
tricity it developes is compai^tively very small. Mr. 
Gross <rf J^oomfieki in Somersetshire, has. kept a bat- 
tery of this kind in full force during twelve months. 
M.' Becquerel had invented an ina(trument for cqmparing 
the inlendities of the tlifferent kinds of electricity by 
meiras of weights; but as At is impossible to make the 
«ompar^n with Voltaic electricity produced by the 6r- 
-dinary batteries, on account of the perpetual variation 
to which the intensity of the current is liable, he has 
constructed a battery which affords a continued stream 
of electricity of uniform power, but it is also of very 
feeble force. The current is produced by the chemical 
combination of 6n acid with fth alkkli. 

Metallic contact is not necessary for the production of 
Voltaic electricity, which is entnrely due to chemical 
fliction. The intensity of the Voltaic electricity is in 
proportion to the intensity of the affinities concerned in 
jts production, and the quautity produced is in propor-^ 
tion to the quantity of matter which has been chem- 
^ ically active during its evolution. I>r . Faraday considers 
this definite^ production to be one of the strongest proofs 
that the electrici^ is of chemical "origin. 

Galvanic or Voltaic, like common electricity, may 
either be considered to consist of two fluids passing in 
opposite directions through the circuit, or, if the hypoth- 
bb2 
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esis of one fluid be adopted, the zinc end of the ba^ ' 
tery may be supposed to have an excess of electricity, 
and the copper end a deficiency. HencOrin the latter 
case, the zinc is the positive end of the battery, and the 
copper the negative. ^ ^ 

Voltaic . electricity is distinguished by two mdrked 
characters. Its intensity increases with the number of 
plates — ^its quahtity wiw the extent of 1±Leir surfaces. 
The most intense concentration of force is <disp]ayed by. 
a numerous series of large' plates, light and heat are 
copiously evolved, and chemical -decomposition is accom- 
plished with extraordinary energy ; whereas the elec- 
tricity from one pair of plates, whatever their 'Size may 
be, is so feeble that it gives no sign -either of attraction 
or repulsion; and, even with a battery consisting of a 
very great number of plates, it is difficult to render the 
mutual attnaction of its two wires sensible, tnough of 
opposite electricities. , . ' ' ' \ 

The action ef Voltaic electricity differs in some re- 
spects materially from that of the ordinary kind. When 
a quantity of common electricity is accumulated, the 
restoration of equilibrium is attended by an instantaneous 
violent explosion,^ acconapanied by the development of 
light, heat, and sound. The concentrated power of the 
^uid forces its way through every obstacle, disruptMig 
and destrioying the.cohesion of the particles of the bodies 
through which.it passes, and occasionally increasing its 
destructive effects by the conversion of fluids into steam 
from the intensity of the momentary heat^ as when 
trees are torn to pieces by a stroke plf lightning. Even 
the vivid light which marks the path of the electric fluid 
is probably owing in part to the sudden compression of 
the air ^d other particles of matter during the rapidity 
of its passage, or to the violent and abrupt reunion of 
the two fluids. But the instant equilibrium is restored 
''Jby this energetic action the w^ole is at an end. On the 
contrary, when an accumulation takes place in a Voltaic 
battery, equilibrium is restored thd moment the circuit 
is completed. But so &r is the. electric stream from 
being exhausted, that it continues to flow silently and 
invisibly in an uninterrupted currept supplied by a per- 
piBtual reproduction. And although its action on bodies 
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is neither so sudden nor so intense as that of common 
electricity, yet it acquires suck power from constant 
accumulation and continued action, that it ultimately 
surpasses the energy of the other. The two kinds of 
electricity differ in~ no circumstance more than in the 
development of heat. Instead of a jnomentary evolu- 
tion, which «eems to atise from a forcible compression 
of the particles of matter during the; passage of the com- 
mon electric fluid, the circulation of the.V oltaic electricity 
is accompanied by a continued development of heat, 
lasting as Jong as the circuit is complete, without pro- 
ducing either light or sound ; and this appears to be its 
imiineQiate direct eflfect, independent of mechanical ac- 
tion. ''Its intensity from a very powerful battery is 
greater than that of any hesit that can be obtained by 
-arti^cial means, so that it fuses substances which resist 
the action of the most powerful furnaces. The temper- 
ature oi every part of a Voltaic battery itself is raised 
during its activity. 

When the batteiy is powerful, the luminous effects of 
Voltaic electricity are very brilliant. But considerable 
intensity is requisite to enable t^e electricity to force its 
way through the air on bringmg the wires together 
from the opposite poles. Its transit is accompanied by 
light ; and in^ consequence of the continuous supply of 
the fluid, sparks' occur every time the contact qi the 
wires is either broken or renewed.' The most splendid 
'^artificial Mght known is produced by fixing pencils Of 
charcoal at the extremities of the wires, .and bringing 
them into contact. This light is the more remarkable, 
as it appears to be independent of combustion, since the 
charcoieLl suffers no change, and likewise because it is 
,eGmally vivid in such gases as do not contain oxygen. 
Thoug)i nearly as bright as. solar light, it dififers materi- 
ally from it when analyzed with a prism. Professor 
Wheatstone has found that the appearance of the spefs- 
trum of the Voltaic spark depends upon the metal from 
whence the spark is taken. The spectrum of that fi*om 
mercury consists of seven definite rays, separated from 
each otker by dark intervals; these visible rays are two 
orange lines close together, a bright green line, two 
bluish green lines near each other, a very bright purple 
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fiae, and lastly a violet line., The', spark taken firom. 
zinc, cadmium, tin, 1b|ismiith, and lead in the^ melted 
state, gives similar resulta; bot the number, positioti, 
and coter of the lines vary so much in each case, and 
the appearances are so di^rent, that th^ metals may bo 
easily diitanguished from each other by this modo of 
investigation. It appears, moreover, that the) light does 
not arise i^m the combustion of the metal; for the 
' Voltaic spark taken from mercury successively in the 
vacuum c^ an air-pump, in the Torricellian vacuum, and 
in carbonic acid gas, ts precisely the same as "when the. 
experiment is performed ^in the. air or in oxygen gas. 
Notwithstanding the difference between electric and 
%olar light, M. Arago is incfioed to attribute the intense 
Ught and h^eat of the sun to electrical action. 

Voltaic electricity is a powerful agent in chemical 
analysis. When transmitted throu^ conducting fluids 
it separafes them into their constituent part^, which it 
conveys in an invisisible state through a considerable 
space Or quantity of liquid to tibo poles, where they, 
come into evidence. Numerous instances might l>e 
given, but the decomposition of water is perhaps the ' 
most simple and elegant. Suppose a glass tube filled 
'with water and corked at both ends ; if one of ihe wirea 
of an active Voltaic battery be. made to pass through 
one cork and the other through the other cork, into the 
water, so that the extremities of the two wires shall be 
opposite and about a quarter of an inch asunder, chemi- 
cal action wiU immedilBtely take place, and gas will con- 
tinue to rise from the extremities of both wires till the 
water has vanished. If an electric spai^k be then sent, 
through the tube, the water wiU reappear. By arrange 
ing tiie experiment ao as to have the gas given out by 
each wire separately, it is found that water cofisists of 
iTWo Tolumes of hydrogen and one of oxygen. The hy- 
drogen is given out at the positive wire of the batteiy, 
and the oxygen at the negative. Tlie oxides are also 
decomposed ; the oxygen appears at the positive polO> 
and the metal at tho negative . ^The decomiposition of 
the alkalies and earths by Sir Humphry Davy formed 
a remarkable era in the history of Science. Soda, 
potass, lime, magnesia, and other substances heretofore 
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considered to be simple bodies incapable of decomposi- 
tion, were resolved by electric agency into their constit- 
uent parts, and proved to be metallic oxides, by that 
illastrious philosopher. All chemical changes produced 
by the electric fluid are accomplished on the game ptin- 
ciple ; and it appears that in general, combustible sub- 
stances, metals, and alkalies go to the negative wire, 
while acids and oxygen arte evolved at tibe positive. 
The transfer of these substances to the poles is not the 
least wonderful effect of the Voltaic battery. Though 
the poles be at a considerable distance from one another, 
nay, even in separate vessels, if a communication be 
only established by a^ quantity of wet, thread j as the de- 
composition proceeds ^e component parts pass through 
the thread in an hivisifole states and arrange themselyes 
at their respective poles. Accifrding to Dr.Nparaday, 
electro-cliemical decomposition is simply a case of the 
preponderance of one set of chemical affinities mord 
powerful in their nature over another set which are less 
powerful. The great efficacy of Voltaic electricity in . 
chemical decomposition arises from the continuance of 
its action ; and its agency appears to be Iriost «exertec( 
on fluids and substances which, by conveying the elec- 
tricity partially and imperfectly, impede its progress. 
But it is now proved to be as efficacious in the compo- 
sition as in the decomposition or analysis of bodies. 

It had been observed that when metallic solutions are 
subjected to galvanic action, adepositioniof metal, some- 
times in the form, of nainute crystids, takes place on the 
negative; wire. By extending this principle, and em- 
playing a very feeble Voltaic action, M. Becquerel has 
succeeded in forming crystals of a great proportion of 
tiae mineral substances, precisely similar to tiiose pro- 
duced by nature. The electric ?tate of metalfic veins 
makes it possible that man^ natural crystals may have 
taken tiieir form from the action of electricity brining 
dieir ultimate particles, when in solution, within the 
narrow sphere of molecular attraction already mentioned 
as thie great agent in the formation of solids. Beth light 
and motion favor crystalization. Crystals which form 
intlifferent liquids are generally nnbi^e. abundant on the 
side of the iar exposed to the lig^t ; and it is well known 
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that ttifl water, cooled below 32% atazts into crjrstab of 
ice the loatant it is agitated. X^t and modon are 
intimateh^ connected wSdi electricity, which may there- 
fore have some inflaence on the laws of aggregation; 
thM is the more fikely, as a feeble action is alone neces- 
Bsury^ provided it be continued for a sufficient time. 
Crystals formed rapidfy- are generally imperfect and 
soft, and M. Becqnerel found dut even years of constani 
Yoltaic action were necessary for the crystalization oi 
some of the hard substances. If this law be general, 
how many ages maj be required for the formation of a 
diamond f _ 

The deposition of metal from a ^metallic solution £y 
galvanic electricity has been most successfully applied 
to the art of plating and gilding, ^s well as to die more 
delicate process of copying medals and copper plates. 
Indeed, not metals only, but any ol^ect of art or nature 
may be coated with precipitated metal, provided it be 
first covered with the thinnest film of plumbago, which 
renders a , non-conductor sufficiently conducting to re- 
ceive the metal. . 

Common electricity, on account of its tigh tension, 
passes through water and other liquids, a^ soon as it is 
formed, whatever the length of its course may be. Vol- 
taic electricity, on the.contrary, is wea)Lened by the dis- 
tanceithas to traverse. Pure water is a veiy bad con- 
ductor; but ice absolutely stops a current of Voltaic 
electricity altogether, whatever be the power of the bat- 
tery, although common electrici^ has sufficient power 
to overcome its resistance. Dr. Faraday has discovered 
that this property is not peculiar to water ; that, with a 
few exceptions, bodies which do not conduct electricity 
when solid, acquire that property, and are immediately 
decomposed, when they become fluid; and in general, 
that decomposition takes place as sbon as the solution 
acquires the capacity of conduction, which has led him^ 
to suspect that the power of conduction may be only a 
connequ^nce of decomposition. 

Heat increases the conducting power of some sub- 
stances for Voltaic electricity, and, of the gases for both 
kinds.. Dr. Faraday has given a new proof of the con- 
nection between heat and electricity, by sinewing that 



8iCT.!XXIX. ELECTRICAL VISU. 29^ 

in general, when a solid whieh is not a ttietal becomes 
fluid, it almost entirely loses its power of conducling 
heat, whOe it acquires a capacity .for conducting elec- 
trici^ ia a high degree. 

The galvanic fluid aflects all the senses. Nothing can 
be more disagreeable than the shock, which may even 
be fatal if the battery be very powerful. A bright flash 
of light IS perceived with the eyes shut, when one of 
the wires touches the face and the other the hand. By 
touching the eiar.with one wire and holding the other, 
stramge noises etre lieard, and an acid taste is perceived 
when th^ positive wire is applied to the tip of the tongue 
and the negative wire tOTiches some otiier part of it. 
By ^Reversing the. poles the taste hecon^s alkaline. It' 
renders the pftle lights of ih^ glow-worm mere intense. 
Dead animals are roused by it, as if they started again 
into life, and it m&y ultimately prove to be the cause of 
muscular action in the living.^ ^ 

Several fish possess the faculty of producing^ electriciU 
effects. The most remar^ble are the gymnotus elec^ 
tricus, found in South Aiiierica; and the torpedo, a^ 
species of ray, frequent in the Mediterranean. The 
electrical action of -the torpedo depends upon an appa- 
ratus apparently analogous to the Voltaic pile, which the 
animal has the power of charging at will, consisting of 
membranous columns filled throughout with laminse, sep- 
, arated from one another b^ a fluid. The absolute quan- 
tity of electricity brought mto circulation by the tprpedo 
is so great,^ that it afifects liie decomposition of water, 
has power sufficient to make magnets, gives very severe 
shocks and the electric spark. It is identical iu kind 
with that of the galvanic battery, the electricity of the 
under surface of tibie fish being the same with the neg- 
ative pole, and that in-the upper^ surface the same with 
the positive pole. Its manner of action i^, however, 
somewhat different; for although the evolution of the 
electricity is continued for a sensible time, it is inter- 
rupted, being communicated by ^a succession of dis- 
charges. 
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V Suction XXX. 

Terrestrial Magnetism— Magnetic Poles — Lines of eqaal and no Variatioti 
— The Dip-^The Magnetic Equator-^-Magnetic Intensity^SecuUr, peri- 
odi(^ «nd. transitory Variatio(n»-in the Magpietic Phenomena— Origin of 
the Mariner's Compass— Natural Magnets — Artificial Magnets — Pdarity 
— Induction— Intensity — Hypothesis of two Magnetic' Fluid»— Distxibu- 

. tion of the Magnetie fluid— Analogy between Magnetism and Electricity. 

l!T order to explam tho Other methods of exciting 
electricity, and the recent discoveries' in that sdenee, it 
is necessary to he acquainted with the general theory 
^of^magnetism, and also with the magnedsm of liie earth, 
/^director of the mariner^s compass — ^his gnide through 
the ocean. r. . /■ • 

The distribution of terrostrial magnetism is very com* 

pUcated, and ^e observafsons simultaneously niade 8t 

the vcuious magnetic establishments recently formed in 

botii hemispheres have changed many of the opinioAs 

. formerly received With regard to that science. "^ 

Its influence, «iising from unknown causes iu: the in- 
terior bf the earth, extends over every part of its surface, 
but seems to be independent of the form and of Ihe 
peculiarities of the exterior of our pianet (a). '^Ite 
action on l^e magnetic needle determines the magnetic^ 
poles of th^ earth, which do not coincide with the poles 
of rotation. * 

Mr. Hansteen of Copenhagen cotnputed, from obser- 
vations in various parts of the world, that there are two 
magnetic poles in each hemisphere, while M. Gauss 
has concluded there is only one in each (A). The 
position- of one of these poles was detenrtined by our 
gallant countrymen when endeavoring to accomplish the 
north-west passage round America. It is situate in 70° 
5'' 17" north latitude, and 96° 46' 45" w^st longitude. 
Another northern magnetic pole is known by observa- 
tion to be in-Siberia, somewhat to the north of 60° north 
latitude and in 102"^ east longitude, so that the two poles 
are 198° 46' 45" asunder. In his recent voyage to the 
Antarctic regions 'Sir James Ross ascertained that one 
of the southern magnetic poles is in 70° south latitude, 
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and abcmt 162° east longitttde. The positioii of the 
other south magnetic polef if it exists, is unknown. 

In consequence of the attraction and repulsion of 
ihese poles, a needle suspended, so as to move freely in 
a horizontat direction, Whether -it be magnetic or not, 
only remains in equilibrio when in the magnetic meridian, 
that is, when it is in a place which passes through a 
north 9nd a south magnetic pole. In some place_s the 
magnetic meridian coinciiijles with the terrestrial me- 
ridian, and m these a magnetic needle freely suspended, 
as in the mariner's compass* points to the true north; 
but if it be carried successively to different places on 
t)ie earth's surface its dnroction will deviate, sometimes 
to the east« and sometimes to the w:est of the true north. 
Imaginary 4ines drawn on. the, globe through all the 
places where the needle points due north and south are 
called lines of no. variation. Imaginary lines drawn 
■ through aH those places where the needle deviates from 
^e geographical meridian by an equal quantity, are lines 
of equal variation. 

A magnetic needle suspended so as to be mbvabl^ 
only in a vertical plane dips, or becomes more and more 
inclined to *the horizoB the nearer it i& brought to a 
magnetic pole, and there it becomes vertical. Lines 
of equal dip are such as may be imagined to pass 
through all those points on the globe where, the dipping 
needle makes the same angle with the horizon. In 
some places the d^iping needle becomes hojizoiital^ and 
there the influences of the north and south poles ai*e 
balanced, and an imaginary line passing through all such 
places is the magnetic equator. In going north from 
the magnetic equator one end of the dipping needle dips 
more smd more till it becomes perpendicular at the 
north magnetic pole, whde in. proceeding south from 
the magnetic equator the other end of the dipping . 
needle dip% and at last becdndes perpendicular ^at the 
fiouth miagnetsc pole. The magnetic equator does not 
coincide with the terrestrial equator : it appears to be 
ah irregular curve passing round the earthy • indined 
to the earth'^ equator at an angle of about 12^, and 
crossing it in several points, the position nf which seems 
StiH to be uncertain. According to some accounts, three 
Cc 
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cei^ BtmultBiiebasl^ oyer ym^eilj extended regioi]»; 
whue others of less magnitodQ and diu^tlon occur more 
frequently, and are, ^ually wit]| the greater, not amena- 
hle to aay known laws. ^ ' 

The dip is subject to a seetilar varla^n, and according 
to Colonel Sftbtne has been decreasing in northern kd- 
tudes fpr the^t fifty years at the rate of three minutes 
annually^ and is probably owing to the secular mption of 
lit^ magnet #^ator. There are disturbviees also ia 
the dip of a periodic nature^ and others very trai^sieiit^ 
which M. I&eil attributes to weak shocks of earth- 
quakes, having obserted thiU; the greatest vertical dis^ 
turbaiieei» have almost. always coincided with coiEsider- 
l^le earthquakes even wben they occurred in remote 
regions. , : 

The. magnetic intensity^ is subject to various changes. 
^. Hansteen has foimd that it has been decreasing an- 
nually at Christiana, London, and Paris at the tnte o£ 
its 2a5th, 7.25th, and Xd20th parts respectively, which 
he^ attributes to the motion of the Siberian magnetic 
pole. The moon inereas^s the magnetic uxtoHsity in 
our hemisphere : . but her infiuence^lifferB with he^ dii*^ 
ferenee of position in the heavens.- -Th^ times of vibra- 
tion of the needle are less when ihe moon has south: 
d^lination than when she has north, and they are less 
when she is in perigee than in apogee* It is stiU doub^l: 
w'liether magnetic intensify varies wit^ tho height abov» 
the earth or not. . < 

The diurnal vanation in the horizontal intensity ob- 
served by M. Hansteen at Christiana is probata owing 
to the sun's influence : iodeed the whole of the'raagnetic 
disturbances have been ascribed to thatcause^;.a&d ha. 
has even found a general resemblance betwe^i lite isp- 
thermal lines and the lines qi equal dip ' on the; surfiice 
of the earth : yet in the present slkbe of' our knovi^edge' 
the magnetic phenomena can only be regarded ttt the^ 
effects of a combination of dauses whose separate actaon 
is still unknown. ' . 

The inventor of the mariner's compass, like jnost of 
the early benefactors- of mankind, is unknown. It is 
ev^n doubted which nation first made use of magnetic 
polarity todeterihine pqnitionson the surface of the globe. 
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But it is said that a rude form of tbe compass wc^ in- 
vented iu Upper Asia, and conveyed thence by the 
Tartar;s to China, where the Jesuit missionaries found 
traces of this instrument haying been emp]pyed as a 
guide .to land travelers in'very reniote antiquity. From 
that the compass spr'^ad over the East, andHvas imported 
into Europe by the Crusaders, and its coostisiiction itn- 
preyed by an artist of Amalfi, on the coast of Calabria. ^ 
. It se^ms that the Chinese only employ^ twenty-fio^ 
cardinal divisions, which the Germans increased to 
thirty-two, and gave the points the names which they 
still bear. 

The variation of the compass was unknown until Co- 
lumbus, during bis first voyage, observed that the nettle 
declined from the meridian as he advanced across the 
Atlantic. The dip of the.niagnetic needle was first no- 
ti6ed by Robert Norman, in the year 1576. "^ . 

Very delicate experiments havte shown that all bodies 
are more or .less susceptible of magnetism. Many of 
the gems give signs pf it ; cobalt and nickel always pos- 
sess the properties of attraction and repulsion. But the 
magnetic agendy is most powerfully developed in iron, 
and in that particular ore of iron called the loadstone, 
which consists of the protoxide ai^d the peroxide of iron, 
together with small portions of silica and alumina. A 
metal is often susceptible of magnetism if it only contains 
the 130<000th part of its weight of^iron, a quantity top 
smidl to be detected by any^ chemical test. 

The bodies in question are naturally magnetic, but 
that property may be imparted by a variety of methods, 
as by friction with magnetic bodies, or juxtaposition to 
them ; but none is more simple than peroUJssion. A bar 
of hard steel, held in the direction of the dip, will 'be- 
come a magnet on receiving a few smart blows with a 
hammer on its upper extremity ; and ]\f. Hansteen has 
ascertained that every substance has niagnetic poles 
when held in that position, whatever the materials inay 
be pf which it is composed. S 

One of the most distingmshing marks of magnetism is 

polarity, or the property a magnet possesses,' when freely 

suspended, of spontaneously pointing iiearly north and 

: south, and always returning to tJiat position wiien dis- 

20 cc2 



306 P(M«ARITY AND INDUCTION. Bjbct. XXX. 

turked. Ano&er propefrty of a tni^et id liie attkuctkm 
of unmagnetized iron, Botli<' poles of a ma^et attract 
incm>, which in return attracts either poie of the magnet 
with an 9qual and contrary force. ^The magnetic in- 
tensity is most poweij^l at the poles, a» may easily be 
seen by dipping the magnet into iron filings,' which will 
adhere abundantly to each pole^ while scarcely any 
attach themsehres to the intermediate parts. The 
action of the magnet on unmagnetized irt>n is confined 
to attraction, whereas the reciprocal agency of magnets 
IS characterized by a repulsive as weU as an attractive 
force, for a north pole I'epels.a north pole, and a south 
repels a souti) pole. But a north and a south pole 
mutually attract -one another/ which jNroves that there 
are two distinct kinds of niaguetic forces, directly op- 
posite in dieir effects, though similar in their modd of 
action. 

Induction is the power wfai^ a magnet possesses of 
exciting temporary or permanent magnetism in such 
bodies in its vicinity as are capable of re^eiinog it. By 
this property the mere approach t>f a magnet renders 
iron or steel magne|ic, tiie more powerfully the less the 
distance. When the north pole of a magnet is binught 
neartOf and in the line witb, an unmagnetized iron bar, 
the bar aojuires all the properties of a perfect magnet; 
the end next the north pole of the- magnet becomes a 
soiith pole, while the remote end becomes a north pole. 
Exactly the reverse takes place when the south p^ is 
presented to the bar ; so that each pole of a magnet 
induces the opposite polarity iii the adjacent end of the 
bar, and the same polarity in the, reo^ote extremity; 
eonsequentiy the nearest extremity of the bar is at- 
. tracted, and the farther repelled ; but as the aotioa is 
greater on the adjacent than on the distant part, tlie 
resulting force is that of attraction. By induction, the 
iron bar not only acquires polarity, but the power of 
indticing magnetism in a third iiody ; and alt^oug^ all 
these properties vanish from the iron as soon as the 
magnet is remoted, a lasting increase of intensity is 
' generally impaited to the magnet itself by tiie reaction 
of the tempcNrary magnetism ^ the iron. Iron acquires 
magnetisra more rapidljr than steel, yet it fetes it as 
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quickly on the remoyal of the magnet^ whereas the 
steel is impressed with a lasting polarity. 

A pertaia time is requisite for- Ihe iniductioii of mag- 
netism, and it may be accelerated by anything that 
eiKcites a vibratory motion in the partides of the steel, 
sudi as the smart stroke of the hammer, 'cm* heat suc- 
ceeded by sudden cold. A st^el bar may be converted 
into a magnet by the transmission of an electric dbcharge ' 
-tiirough it; and as its efficacy is the same in whatever 
direction the electricity 'passes, the inagdetism arise^ 
from its mechanical operation exciting a vibration among 
■the .particles of steel. It has bjBon observed that the 
particles of iron easily resume ti^eir neutral state aflier 
induction, but that those of- steel resist the restoration^ 
of magnetic equilibrium,, or a retairn to the neutral state ; 
it is &erefore evident,~that any cause which removes 
or diminishes the resistance of the particles -will tdnd to 
destroy the magnetism of the steel; consequently, the 
same .mechanical. me€U]s« which develop magnetism will 
also destroy it. On that account a steel bu* niay lose 
its magnetism by any mechanical concussion, such as by 
falling on a hard substance, a blow with a hammer, and 
heatiug to redness, which reduces the steel to a state of 
sofiness. The circumstances which determine whether 
it shall gain or lose, are its position with respect to the 
magnetic equator, and the higher or lower intensity of 
its previous magnetic state. 

Polarity of one kind only cannot exist in any portion 
of iron or steel ; in whatever manner the intensities of 
the two kinds of polarity may be diffused through a mag- 
net, they exactiy. balance or compensate one another. 
The northern polarity is confined to one-half of a milg'^ 
net, and the southern to the other, and they are gener- 
ally concentrated in or near the extremities of the bar. 
When a magnet is broken across its middle, each frag- 
ment is at once converted into a perfect magnet ; the 
part which originally had a north p6le acquires a south 
pole at the fractured end ; the part that origmally had n 
south pole gets a north p9le; and as far as mecbsiiioal 
division can be carried, it is ibiind that each £nigmentt 
however snudl, is a perfect- magnet., ^ 

A comparison of the numfa^rof vibralxnis aeoompliahed 
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by the same needle, duriirg the same time, at different 
distances from a magnet, 'gives the law of magnetic ib-> 
tensity, which fcdiows the inverse ratio of the squares of 
the distances,^-a law that is not affected by the inter-^ 
vention of any substance whatever between the niagnet 
and the needle, provided that substance be not itself 
susceptible ef magnetism. ^ Induction and the r^iprocal 
action of _ magnets are therefore subject to the laws of 
mechanics; but the composition and resolution of the 

^forces ^are complicated, in conseqiience of four forces 
being constantly in activity, two in each magnet. 

Mr. Were Fox, who has' paid much attention to this 
branch of the science; has lately discovei-ed that the law 
of the magnetic force clianges from the inverse. squares 
of the distances, to the simple inverse ratio, when the 
distance between two lAagnets is as small as from the 
fourth to the eighth of an inch, or even as much as half 
an inch when the magnets ai*e large. He fotmd, that 
m the case of repulsion, the change takes place at a still 
greater distance, especially^^when the two magnets differ 
materially in intensity. 

l^heSre can hardly be a doubt but that all the phenom- 
ena of magnetism, like those of electricity, may be ex- 

' plained on the hypothesis of one ethereal fluid, which is 
condensed or redundant in the positive pole, and deficient 
in the negative ; a theory that accords best with the sim- 
plicity and general nature of the laws of creation ; never- 
tlieless, Baron Poisson has tidopted the hypothesis of 
two extremely rare fluids pervading all the particles of 
iron, and incapable of leaving them. Whether the par- 
ticles of these fluids are coincident with the molecules 
of the iron, or that ttey only fill the interstices between 
them, is unknown and immaterial. But it is certain that 
the sum of ati tiie magnetic molecules, added to the sum 
of all the spaces between them, whether occupied by 
matter or net, must be equal toJ:he whole volume of the 
magnetic body._ When the two fluids in question are 
combined they are inert, so that the substances contain- 
ing them show no signs of magnetism; but when sepa- 
rate they are active, the molecules of eacji of the fluids 
attracting those of ther opposite kind, and repelling those 
of the same kind. The decomposition of the united 
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fluids is accomplished by the iBductive influ^Dce of either 
-of the' separate fluids ; that i/to say, a ferruginous body 
acquires polarity by the approach of either tibe soutii or 
north pple of the magnet. The magnetic fluids pervade 
each molectde of the mass of bodies, and in all proba> ^ 
bility the electric fluid does the same, though it appears 
to be confined to the surface ; if so, a compensation must 
take place among the iqtemal forces.. The electria 
fluid has a perpetual tendency to escape, and dees es- 
cape, when not prevented by the coercive power of the 
surrounding air and other non-conducting bodies. Such 
a tendency does not ^exist in the magnetic fluids, Which 
never quit the substance that contains them' under ai)y 
circumstances whatever ; nor is any sensible quantity of 
either kind of pojarity ever transferred from one part to 
another of the same piece of ^^(^1. It appears that the 
two magnetic fluids, when decomposed by the influence 
of magnetizing forces, only undergo a displacement to 
an insensible degree within the body. The action of all 
the partieles so displaced upon a particle of the magnetic 
fluid in any particular situation, compose a resultant 
£i>rce, the intensity and direction of which it is the prov- 
ince of the analyst to ^^determine. In this manner M-. 
Poisson has proved t^at the result- of the action of all 
the magnetic elements of l9i magnetized body, is a force 
equivalent to the action of a very thia stratum covering 
the whole surface of a body, and consisting of the two 
fluids — the austral. and the boreal, occupying different 
parts of it ; in other words, the attractions and repul- 
sions externally exerted, by a magnet, are exactly the 
same as if they proceeded from a v^ry thin stratum of 
each fluid occupying the surface only, both fluids being 
in equal quantities, and so distributed that' their total 
action( upon all the points in' the interior of the body is 
equal to nothing. Since the resulting force is the diffor- 
enceof the two polarities, its intensity must^be greatly 
inferior to that of either. 

In addition to the forces ah*eady mentioned, there 
must jbe some coercive force analogous to friction, which 
arrests the particles of both fluids, 190 as first to t>ppose 
their separation, and then to prevent their reunion. In 
soft iron the coerciye force is either wanting -or ex ^ 
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tfemely feeble, since iJie iron is easily rendered mag- 
netic by induction, and as easily loses itd magnetisnr; 
whereas ifl steel the coercive^ force is extremely ener- 
getic, because it prevents the steej frpra acquiring the 
magnetic propertied rapidly, and entirely hiijders It 
from losing them when acquired. . The feebleness of 
the coercive force in iron,' and its energy in steel. With 
regard to the magnetic fluids; is perfectly utialogous to 
the facility of transmission afforded to the electric fluid 
by non-electrics, and the resistance it experiences in 
electrics. At every step the analdgy betweea magnet- 
ism and electricity becomes more striking. The agency 
of attraction-and repulsion Js common to both^ the pos- 
itive and negative electricities are similar to the northern 
and southern polarities, and are governed by the same 
laws, namely, that between like powers there is repul- 
sion, an^ between unlike powers there is attraction. 
Each of these four forces is capable of acting most ener- 
getically when alone; -but as the electric equilibrium !» 
restored by the union of the two electric states, and 
n;iagnetic neutralityby the combitSation of the two polar- 
ities, they respectively neuttialize each odier ^ when 
joined. All these forces vary inversely as the squares 
of the distances^ and consequeiitly come^ under the same 
Tuechanical laws. A 4ij£e analogy extehtls tb magnetic 
and electrical induction. Iron and steel are in a state of 
equilibrium when th^ two''magnetic polarities conceived 
to reside in thvem are equally difliised throughout the 
whole mass, so -that they are altogether neutral. But 
this equilibrium is immediately disturbed on tfae-iipproach 
of the 'pole of a magnet, which by induction transfers 
one kind of polarity fo one end of the iron or steel bar, 
and the ^opposite kiud to the other — ejects exactly simi- 
lar to electrical induction. TTh^re is eveu a cortespondi- 
ence between the fracture of a, magnet imd that of an 
electric conductor; for if an oblong conductor be elec- 
trified by induction, its two extremities will have opposite 
electricities ; and if in that state it be divided across the 
micldle, the two portions, when removed. to a distance 
^m one another, wiU each retain the electricity that 
has been induced upon it. The analogy, however, doeia 
not extend to transference. A body may transfer a re* 
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dnndaBt ^antitgr o€ potttm eleieirieitf U> apol^^ or 
deprive aiM>ther of ita electricity, the one gaimns^at the 
expense of the other ; hut there is no instance ofa. body 
possessing only one kind of polarity. With this excep- 
tion^ tliere is such perfect Oorrespondence betv^^^n the 
theories of ma^etic attractions add yepulsions and elec- 
tric forces in conducting bodies^ that they not Qufy aire 
the same in piinisiple^ but are del^mined by the same 
fornmkB. Experiment ooncmrs with theory in proving 
the identic of these two unseen influences. -^Hence S- 
th6 electrical^ phenomena he dixe to a modification of the 
ethereal medmnfi» the magnetic phenomena must be 
owing to an anali^us ^ause, and therefore^ notwithstand- 
ing the high authorily of M. Poisson, they must also be 
attributed to the redundancy and defect of only ohms fluids 

. Widi zefevence to the subject of this chapter I have 
received the Ibllowi^ informatioc from Colonel Sabine, 
one of the best antl^tiea in<tfaia branch of science. 

The passage marked (^) eonfounda^ nnder the com- 
mon term of ** magnetic pole," two thing$^ which are 
ahke diistind in eonceptioa and different in realily. 
These are, 1st — tha bcahtiea en the globe where the 
needle is vertical, or the horizontal for6e 0; and 2d<— « 
the localities where the magnetic forces acting on the 
siir&ce of the gf/ohe have a maximum intensity, ari^und 
which the isodynamic lines on the surface arrange &em- 
selves in curves, and in departing from which in every 
direction (on the sur&ce) the intensity of the force is 
found to decrease. 

The^rogress of t^restrial magnetism has been gr^atfy 
impeded by mistakes arising from |he diffarent under- . 
st^idings which diflferent people ^have of whatsis meant 
by tlie term magnetic pole* It is the more iinportant 
to have dear ideas and a^correct knowledge of facts in 
this matter, because the^ fiicts of science are not such aa 
in any respect to justify a confuson of terms ; not one 
of the localities where the intensity of the force is a 
maximum coincides witii a position where tiie dip is 
90° ; nor does a dip of 90^ anywhere coincide with a 
position where the force is a maxiinuni. 

There is in each hemisphere one bcatily where the 
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dip 18 90*^, and two localities whe)re the fortorfbrms a 
centeir of greatest intensity axoiilid which the isodynamic 
lines arrange themselves. The localitie? of dip 90° are 
rather spaces than points : they are the major axes of 
small ovals on the surface of the sphere ; consequently 
they ace- linear rather than circular Spaces. The spot 
where Captain Ross observed the needle so nearly ver- 
tical in 1831 mai4is the approximate position of that lo- 
cality at that epoch. This position is^ as Mrs. Soror 
erville states, about 70° north,, and 97^ west; The 
isodynamic centers in the same hemisphere are situ- 
ated, one in America, the other in Siberiai ,5 The ob- 
se^ations made anterior to 1837, which are^ collected 
and arranged in Colonel Sabine^a report to the British 
Association of that year, gave, when treated by M. 
G^uss according to the formation of the ^^AHgemeine 
Th^diie," the American maximum in 55° noHrth and 97 ° 
west, and the Iberian in 71° north arid 116° east. The 
more recent observations, of Messrs. Lefroy and Locke, 
who 'have traveled in America expressly for the more 
accurate determination of what appears so important a 
datum in t;errestrial physics, and whose results are at 
this moment being arranged on a chart on wh^di Colonel 
Sabine is about to trace Sie lines of highest intensity, in 
America, show that^ the center of those curves is yet 
farther to, the southward by some degrees (consequently 
stiU more removed from the position where the dip is 
90°) than was supposed in 1837. . 

The two maxima of force are not of equal strength : 
the Siberian is somewhat the weaker of the two. The 
positions of both undergo secular change^ and both in 
'the same direction, viz. t6 the eastward. The secular 
change of the weaker or Siberian maximum is far more 
considerable than that of the oth6r. The secular 
changes of the isoclinal and isogenic curves correspond 
with those of the two systemd of fproes indicated by 
distinct mai^ima having unequal niovements of transla- 
tion. The higher isoclinal curves are oval, iiaving-theh* 
major axes in the line of direction jbining the two points 
of maximum int^asi^. The general arrangement in the 
'south hemisphere is strict^ analogous : but \ the two 
centers offeree are at this epoch separated by a less in- 
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terval of Hmgitude than in the north hemisphere. Their 
respective longitudes, derived from the observations of 
the antarctic expedition which Colonel Sabine has re- 
diiced and pablj»hed in the Phil. Trana., are approxi- 
mately 130"^ and 220'' east* )The latitudes are not de- 
rivable from the observations with equal approximation ; 
but they do not appear to differ mUch from the corres- 
ponding latitudes in the north ; i, e. the stronger about 
60° or 55"* souli}, and the weaker about 70° sou£. Here 
also the weaker maximum has a verr considerable sec- 
ular movement, amounting, as Oolonel Sabine has given 
reason to. believe in the Phil.. Trans, of last year, to 
nearly 50* of longitud&4n 250 years : the secular change 
in the soutiiem hemisphere being to the westward, 
while that in the northern is to the eastward. 

The dip of 90° is feif removed from either of these 
localities ; its approximate position may be called about 
73° south and 147° .east ; but the isocUnal curve of 89® 
will doubtless be more correctly given w;hen the Pagoda 
returns j&om the completion of theWrvey, and when 
the whole of the observations in the southern hemis- 
phere are combined and treated according to1heformul» 
of the ** Allgemeiue Theorie." ~ 

The object of the geographical branch of the magnetus 
observations ,of the last few years^ has been to obtain 
determinations, with the improved instruments. of the' 
presefit time, in every accessible part of the globe, with 
a view of combini^ the results into magnetic charts of 
the three elements drawn directly £r(Hn &e observations, 
and corresponding to the present epoch. ^ The Magnetic 
Adas will then be recomputed byUie methods described 
in Gauss' *^ Allgemeine Theorie." The observation part 
IS nearly accomplished. 

(a) This is by no means established ; the distribution 
of land and water aji^ears to have considerable influence 
on the fonn of the magnetic equator, ais Mrs. Somer- 
ville states at (6). ;/ 

(c) In the balance of torsion, the intensity of eleetrieal 
forces is not measured by oscillations, but by the torsiou 
necessary to destroy tha deviatidn produced* 

(<^) Refer to note (-4). 

D n 
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Section XXXI.x ' ' \ " 

Discovery of Electro^Magnetism— Deflection of the Miig[netic Needle ttya 
Cunent ni BieptoieitjT'^Direotion of the Fovce^Hotatorv ICotiop by Stoo- 

' tricitj-pR*''*^''^ <^ <^ ^^'^ *^^ *• Magoet-^Rotation ot a Ma^pudt ftboat 
its Axis— Of Bferciiry and Water— Electro-Magnetic Cylinder or Helix-— 
Suspension of a Needle in a Itelix— Electro-Mognetie Qutiiotion-^Tea^ 
ponury |ll««n«t«— The,'GalTajttonieter. ^ ,. 

^ The distarlHiig effects of the aurora boreatia.and figbl> 
Bing on die mariner's compass had ^seen long known. 
In the year 1819, M. Oersted, Professor of Naturai^ 
Philosophy at Copenhagen, discovered thaJt a cnrrent of 
Voltaic '^ectricity exerts a powerful influence on a mag^ 
netized needle. This observation hafif^von lise^to th^ 
theovy of electro^iaagnetism^-the^most interesting sci- 
ence of l^aodem liunes, whether it be consldeired as lead- 
ing us a i^P'&rther in generalization! by identifying 
two -agencies hilhiMto referred to different causes, or as 
dbvek>f»ng a new force; unparalleled in tbs ^9tem iji 
the world, which, overcoming the retardation fr^ni fnc-; 
tion, and the obstacle of a resisting med^iKi, maintam 
a, perpetual motion, often vainly attempted, but hpfpn,- 
rentl^ impossible to be accomplished by means of any 
other force or combination of forces tlu^ th^ one in 
c^uestioh. - . . 

When tiie two 4K>]es of a Vokaie battery flUfe conneet- 
ed by a metallic wire, so as to complete, a: circuit, the 
eleotrieity flows without ceasing. If a stiaog^t portion , 
of that wire be plabed parallel to, and liorizontaUy above» 
a magnetized needle at rest in the? magnetic meridian, 
6ut freely poised like the nutriner's compass, the action 
' of the electric curfent fbvnng tfajrough the wir«i will 
instantly cause the needle to change its position. Its 
Jixtremity will deviate &om the npnh toward the east 
or T^est, aoGot'ding to the direction in w^h the current 
is flowing ; anden ireversiDg the^ direction of the ciiureipk^ 
the motion of the needle will be reversed alsOk Tlxe 
numerous experiments tlial: have been made on the 
magnetic and electne fluids, as weH as thos^ on tiho vari- 
ous relative motions of a magnetic needle under th^ 
influence of galvanic electricity, afising from all possible 
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pesitiona of tW conducting wire, and every direction of 
the Vokaic current, toge3ier with al!.the other phe- 
nomena of electro-magnetism, are . explained by Dr. 
Roget in some excellent (Nicies' oa these subjects in the 
^library of UseiTui Knowledge. 

^Alf the experiments tend ta {Hrove that the force 
emanating from the electric current, which produces 
sneh effects oa the magnetic needle, acts at right angles 
to the current, and is therefore unlike any force hith- 
erto known. The itction of all the forces in nature is 
directed in straight lines, as far as we know; for the 
curves described by the heavenly bodies result f^om the ~ 
composition of two foi^es ; whereas that which is ex- 
erted by an eleetrict^ current upon either pole of a 
' magnetic has no- tendency to cause the pole to^approach 
or recede, but to rotate about it. If the^ stream of elec- 
tricity be supposed to pass through the center of a circle 
whose plane is perpendicular to the current, the <ii- 
rectiori of the force exerted by the electricity will always 
be in the~tangent to^the cu*cle, or at right angles to its 
radius (N. 217), Consequently the tangential fo^e of 
the electricity has a tendency to make the pole of a 
magnet move in a cbrcle round the wire of the battery, 
Mr. Barlow has proved that the action of each particle 
of tl>e electric fluid in the wire, on each particle of the 
magnetic fluid in the needle, varies inversely as the 
squares of the distances. '" ' ' ■ 

Rotatory motion was suggested by , Dt. Wollastpn. 
I>r. Faraday was the first who aetuaUy^ succeeded in 
making the pole of a magnet rotate about a vertical 
conducting wire. In order to limit the action of the 
electricity to 6ne pole', about two-thirds of a small mag- 
net were immei'sed in mercury,- the lower end being 
fastened by a thread to Ae bottom of the vessel- con- 
tuning the mercury. When the magnet was thus floating 
almost vertically with its north pole above the surface, a 
current of positive electricity ^Waa made to descend per- 
pendicukrly through a wire touching the mercury, and 
immediately the magnet began to rotate from left to 
right abojat the wire. The force being uniform, the 
rotation was accelerated till the tangential force was 
balanced by the resistance of the mercuryy when it be- 
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caoae constant. Under the same, circumstances the 
soudipole of the nu^et rotates from right to left. It 
is evident from this experiment, that the wife may also 
be made to perform a rotation round the magnet, «ince 
the action of the current of electricity on th^ pole of the 
magnet oiust necessarily be accompanied by a corres- 
ponding reaclion of the pole of the magnet on' the elec- 
tricity 4n thQ wire. :This experiment has been accom- 
plished by a vast number of contrivances, and even at 
small battel^, consisting of two plates, has performed 
the\ rotation. .J>r. Faraday produced both motions at 
the same time in a vessel containing mercury ; the wire 
and the magnet revolved in one direction about a com- 
mon center of motion, each following the othehr. ^1 

Th^ next step was to make a magnet, and alsp a cyl- * 
inder, revolve about their own axes, which they do with 
great rapidity. Merbiiry has been made to rotate by 
means of Voltaic electricity, and Professor Ritchie has 
exhibited in the lloyal Institution the jsingular spectacle 
of the rotation of ;water, by the same means,' while the 
vessel containing it remained stationary. The watet 
was ^ in a hoUow double cylinder of glass, and on being 
made the conductor of electricity, ^as observed to re- 
volve in a regular vortex, .changmg its direction as the 
poles of the battery were alternately reversed. Pro"-; 
lessor Ritchie found that al} the different conductors 
hitherto tried by him, such as water, charcoal, 6cc., ^ve 
tlie.same electro-magnetic results when transmitting the, 
same quantity of electricity, and that they deflect the 
magnetic needle in an equal degree^ when their res--: 
pective axes of conduction are at the same distance from 
it. -But one of the most extraordinary effects of the 
new ^orcB is exhibited by coiling a copper wire,, so as to 
form a hielix or corkscrew, and connecting the extremir 
ties of the wires with the poles of a galvanic, Iwattery.. 
If a magnetized steel bar or neiddle be placed within the 
screw, so as to rest^upon the lower part, the instant a 
current of electricity is sent through the Wire of the 
helix, the steel bar starts tip pj me influence of this iii- 
visiblepower, and remains suspended" in the air in op- , 
, position to the force of gravitation (N. 218); The effect 
of the electro-magnetic power exerted by each' turn pC 
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the wire is to urge the north pole of the magnet in one 
direction, and the south pole in the other. The force 
thus exerted is multiplied in degree imd increased in ex- 
tent by each repetition of the turns of the wire, and in 
consequence of these opposing forces the bar remains 
suspended. This helix has-all the properties of a mag- 
net while the electrical current js flowing through it, 
and may be substituted for bne in almost eveiy experi- 
ment. It acts B8 if it had a north pole at oflie extremity 
and a south polo at the other, and is attracted and re- " 
pelled by the poles-6f a magnet exactly as if it were one 
itself. All these results depend upon the course of the 
electricity ; -that is, on the direction of the turns of the 
screw, according as it is from right to left, or from left 
to right, being contrary in the two cases. 

The action of Voltaic, electricity on a magnet is, not 
only precisely the same with the action of two magnets 
on one uiother^but its influence in producing temporary 
magnetism in iron tod steel is also the same with mag- 
netic induction. The term induction, when applied to 
electric . currents, expresses the |Mrer which these 
currents possess of inducing any particular state upon 
matter in their immediate neighborhood, otherwise neu- 
tral or ioidliferent. For example, the connecting wire 
of a galvanic battery holds iron filings suspended like an 
artificial magnet, as long as the current continues to 
flow through it ; and the i^ost powerful temporary mag- 
nets that hqye ever been made are^otM^ned by bending 
a thick cylinder of soft iron into the form' of a horse- 
shoe, and surrounding it with a coil of thick copper wire 
covered with silk, to prevent communication between 
its parts. When this wire forms part of a galvanie cir- 
cuit, the iron beiKomes so highly naagnetic, that a tem- 
porary magnet of this kind, made by Professor Henry, ' 
of the Albany Academy, in the United States, sustained 
nearly a ton weight. The iron Joses its magnetic power 
the distant the electricity ceases to circulate, and ac- 
quires it again as instantaneously v^en ^e circuit is Te- 
newed. Temporary magnets havp been made by Pro- 
fessor Moil of Utvecht, upon the same principle, capable 
•of supporting 20d pounds* weight, by means of a battery 
4)f one plate l^ss-than half an inch square, consisting of 
dd2< 
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two metals soldered toother. It is tru^y wonderful 
that an agent, eyolved by so small an instniment, and 
diffused through a large mass o€ htm, should cbmmum- 
cate a force which seems so disproportiooate. Steel 
needles are rendered permAnentry magnetic by electrical 
induction; the eilSBCtis produced in a moment, and as 
readily by juxtaposition as by contact; the nature of 
the . poles depends upon ^e direction of the current, 
and the intensily is proportional to the quantity of elec- 
tricity. 

It appears that the principle and characteristic phe- 
nomena x>f the- electro-magnetic science are, the evolu- 
^n of a tangential and rotatory force exerted fagtween 
a condacttng. body and 'a. magnet; fuid the transverse 
induction of magnetism by the conducting body in such 
sttbstanpes as are susceptible of it. 

The action o^ an electric current causes a deviatidn of 
the compass- from the jAane of the magnetic meridiaik. 
In proportion as tlie needle recedes from the meridian, 
the intensity of the force of terrestrial magnetism in- 
creases, while atthe -same time the^ electro-magnetic 
force diminishes; the number of degrees at which the 
needle stpps, showing where the eqmlibrhim between 
these two forces takes place, wiH indicate the^ intensity 
of the galyanic current. Thd galvanometer, constructed 
upo^ this principle, is «mpkiyM to measure the inten- 
sity of galyanic currents poUected and conv^wpl to it by 
wires. This instmment is rendered much more sensi- 
ble by neutralizing the effeets of the earth's magnetism 
on the needle, w£ich is acpomplished by placing a sec- 
ond magnetized needle- so as to counteract the action of 
the ear^ on the first — a precaution requisite in all del<r 
icate magnetica} experiments. 

Electrb-maghetic induction has been- elegantly and ^ 
usefully employed \jiy Professor Wheatdtcme as a mdv- 
ing pow^r in a telegraph, by which intelligence is con- 
veyed in a time- quite ihappretuable, since £e electricity 
would make the cbcuit of the globe in the teoth df a 
second. • 
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SectioW XXXIl. 

Electro-Dynamics— Reciprocal Action of Electric Cnrrentf— Identity of 
. Elebtro-DyBamic'Cyliiiden Mid^Magnets — ^Diflbrences between the Ac- 
tion of Voltaic Electricitj and Electridityof Tenrion— Efifectoof a Voltaic 
Ottrrent^Ampdre'e^Theory. 

The science of electro-magn^sm, which Hiust ren- 
der the name of Mi Oersted ever memorable, relates to 
the reciprocal action of electrical and magnetic cnrreDts : 
M. Ampere, fay discovering the mutual actioa of elec- 
trical currents on one another, has added a new branch 
to the subject, to which he has given the name of elec- 
trp^ynamics* ^ 

When electric currents are passing through two con- 
ducting wires, so suspended or supported as to be capn- 
hjle of moving both toward and from one another," they 
show mutual attraction or repulsion, according as the 
-cuirents are flowing in the same or in cotitrary direc- 
tions ;>the phenomena vaiying with the relative inclina- 
tions and positions of the streams of electricity; The 
mutual action of such c^rrentSi whether they flow in the 
same or in contrary diriDctipns, whether they be parallel, 
perpendicular, diverging^ converging, circuiar, or heliacal, 
all produce cLiflerent kind^ of motion in a coiiducting 
wire, both rectilineal and circular, and also thb rotation 
of a. wire helix,( duch as that described, now called an 
electro-dynamic cytinder, on account of some improve- 
ments la its cpnstruotidn (N. 219). And as the hypoth- 
esis of a force varying invensely as the' squares of the 
distances accords peifectly wiSa. idl the observed phe- 
nomena, these motions coole^ under the si^me laws of 
dynamics and analysis as any dther bramch of physics. 

Electro-dynamic cylinders act on each other precisely 
as if they were magnets during the time Jhe electricity 
is flowing through :£em. All the experiments that can 
be per£nrmod with the "cylinder might be accomplished 
with a mcignet. That end of the cylinder in which the 
current of positive electricity is moving in a direction 
simifao: to the motion of the hands of a ii^atch, acts as the 
•somh pde 4^ a owgnek, and the other. end, |n which tiie 
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current is fl(3wiiig in a contrary direction, exhibits north- 
©rn polarityi 

The phenomena mark a very decided difference be- 
tween t£e action of electricity in motion or at rest, that 
is, between Voltwc and common electricity; the laws 
they follow are in many respects of an entitoly different 
nature, though the electricities themselves are identical. 
Since Voltaic electricity flows perpetually,* it cannot bo / 
accumulated, and consequently has no tension, or ten- 
dency to escape from tha^res which conduct it. Nor 
do these wires either attra<^ or f>epel light bpdies in 
their vicinity, whereas ordinary electricity can be accu- 
mulated in insulated bodies to a gireat degree, and in 
that state of rest the tendency to escape is^ proportional 
tothe quantity accumulated and the resistance it meets- 
with. In ordinary electricity, the law of action is that 
dissiniilar ^electricities attract, and -similar electricitiea 
repel one another. In Voltaic electricity, on the con- 
trary, similar currents., or such as are moving ill the 
same direction, attract one alnother. ^hile a mutual re- 
pulsion is exerted betweisn dissimikr currents, ot such 
as flow in opposite directions. Common electricity 
escat>e^ when the prpssmre of tlie ahnosphere is re- 
moved, hut the electro-dynamical effects are the same 
whether the cpnductors be in air t)rin vacuo. .■ . 
. The effects produced by a current of electricity ddr 
pend upon tl^e celerity o;f its motion through ft conduct- 
ing wke. . Yet we are ignorant whether we motion- be 
uniform or varied, but the method of transmission has a 
marked influence on the results ; for when it flows with- 
out -intermission, it occasions a deviation in the magnetic 
needle, but it has no effect whatever when Its motion is 
discontinuous or inten*upted, like the current produeed 
by the common electriciU machine when a communica- 
tion is made between the positive and negative con- 
ductors. 

M. Ampere has established a theory-of electro-mag^ 
netism suggested bjr the analogy between electro-dy- 
namic cylinders, and magnets, founded i:^pon the recip- 
rocal attraction of electric currents, to wHich all the phe- 
nomena of magnetism and electrormagnetism. may be 
red)icedy by assuminir that the ijaagnetic properties 
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which bodies possess derive these properties from cur- 
rents of electricity circulating about every part in one 
uniform direction. Although every particle of a magnet 
possesses like properties with the whole, yet the general 
effect is the sfime as if the' magnetic properties were 
confined to the surface. Consequently tlie internal elec- 
tro-currents must compensate one another, and there- 
fore the magnetism of a body is supposed to arise from 
a superficial current of electricity constantly circulating 
in a direction perpend icul^ to the axes of the magnet ; 
80 that the reciprocal action of magnets, and sQl the phe- 
nomena of electro-magnetism, are reduced to the action 
and reaction of superficial currents of electricity acting 
at right angles to then* direction. Notwithstanding the 
experiments made by M. Ampere to elucidate the sub- 
ject, there is still an uncertainty in the theory of the 
induction of magnetism by an electric current in a body 
near it. It does not appear whether electric currents 
whicfe did not previously exist are actually produced by 
inductron, or if its effects be only to give one uniform 
direction to the infinite number of electric currents pre- 
viously existing in the particles of the body, and thu^ 
rendering them capable of exhibiting magnetic phenom- 
ena, in the satne manner as polarization reduces those 
undulations pf light to one plane which had previously 
been performed in every plane. Possibly both may be 
combined in producing the effect ; for the action of an 
electric current may not only give a common direction 
to those already existing, but may also increase their 
intensity. However that may be, by assuming that the 
attraction and_repulsion of the elementary portions of 
electric currents vary inversely as the squares of the 
distances, the action being at right angles to the direc- 
tion of the current, it is found that the attraction and 
repulsiod of a current of indefinite length on the ele- 
mentary portion of a parallel current at any distance 
from it, is in the simple ratio of the shortest distance 
between them. Consequently the reciprocal action of 
electric currents is reduced to the composition and res- 
olution of forces, so that the phenomena of electro-mag- 
netism are brought under the laws of dynamics by the 
theory of M. Ampere. 
*2l 
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Section XXXIII. . 

Magneto-Electricity— VolM-Eleetric Indaction— Magneto^BIectric Indue- 
tioa— Identity .in the Action of Electricity and Magnetism— Desariptiob 
ai a Magneto-Electric Apparatoa md it» Effecta— Identity of Magnetiam 
and Electricity. 

From the law of action and reaction being equal and 
-contrary,, it might be expected that, as electricity pow^ 
orfully affects magnets, so, conversely, magnetism ought 
to produce electrical phenomena. By proving this very 
important fact from the following series of ioteresting 
and ingenious experiments. Dr. Faraday has added 
another branch to the science, which he has named 
magneto-electricity. A great quantity of cop|)er wire 
was coiled in the form of a helix round one half of a 
ring of soft iron, and connected with a galvanic battery ; 
while .a similar helix connected with a galvanometer was 
wound round the other half of the ring, but not touchiqg 
the first helix. As soon as contact was made with tl^e 
batteiy, the needle of the galvanometer was deflected. 
But the action was transitory; for when the contact 
was continued, the needle returned to its usual position, 
and was not affected by the continual 6ow of the electri- 
city through the wife connected with the battery. As 
soon however as the contact was broken; the needle of 
the galvanometer was again deflected, .but in the con- 
trary direction. Similai* effects were produced by an 
japparatus consisting of two^ helices of copper wire coiled 
round a block of wood, instead of iron, from which Dr. 
Faraday infers that t)ie electric current passing from the 
hattery through one wire, induces a similar currejit 
through the other wire, but only at the instant of con- 
tact, and tliat a momentary current is induced in a con- 
trary direction when the passage of the electricity is 
Buddenly interrupted. These brief currents or waves 
of electricity were found to be capable of magnetizing 
needles, of passing through a small extent of fluid, and 
when charcoal points were interposed in the current of 
the induced helix, a minute spark was perceived as often 
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aft llie contacts were made or broken, but neither chem- 
ical action nor any other electiic effects were obtained. 
A deviation of the needle of the galvanolaeter took place 
when common magnets were employed iastead of the 
VoHaio current ; so that the magnetic ' and electric 
fluids are identical in their eifects in this experiment. 
Again, when a helix formed of 220 feet of copper wire, 
iDt& which a cylinder of soft iron was introduced, was* 
placed between, the north, and south poles of two bar 
magnets,, and connected with the galvanometer' by meaQ» 
of wires from each extremity, as often as the magnets 
"were brought into contact with the iron cyUnder, it be- 
came magnetic by induction, and produced a <ledection 
in the needle of the galvanometer. On continuing th» 
contact, the needte resumed its natural position, and' 
when the contact was broken, deflection took place in 
the opposite direction; when the magnetic contacts 
were revers^, the deflection was reversed aldo. With 
strong magnets, so powerful was the action, that the 
needle of tibe galvanometer whirled round several times 
successively ; and siniilar eifects were produced by the 
mere approximation or removal of the helix to the poles 
of the magnets. Thus it was proved that magnets. pro- « 
duce the very same effects on the galvanometer that 
electricity does. Though at that time no chemical de- 
composition was effected by these monientaiy currents 
which. em«mate from the magnets, they agitated the 
limbs of a frog; and Dr. Faraday justly observes, that 
*'an agent which is conducted along metallic wires in 
the manner described, which, while so passing, pos- 
sesses the peculiar magnetic Mctions and force of a cur- 
rent of etectiycity, which can agitate and convulse Ihe 
limbs of a frofi and which finally can produce a spark 
by its discharge through charco^t can only be electrir 
city." Hence it appears that electrical currents are 
evolved by miCgnets, whieh produce the same phenomena 
with the electrical cuiTonts from the Voltaic battery : 
they however differ naaterially in this respect— that 
time is required for the exercise of the magnetico-elec- 
tric induction, whereas Volta-electric induction is in- 
stantaneous. 
After Pr. Faroday had proved the. identity of tho 
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magnetic and electric flnids by producing the sparky 
heating metallic wires, and accomplishing chemical 
decompositions, it was easy to increase these effects by 
idaore powerful magnets and other arrange nients. The 
apparatus now in use is in effect a battery where the 
agent is the magnetic instead of the Voltaic fluid, or in 
other words, electricity, and is -thus constructed. 

A very powerful horseshoe magnet^ formed of twelve 
steel plates in close approximation^ is placed in a hori* 
sental position. An armature, consisting of a bar of the 
purest soft iron, has each of its ends bent at right 
angles, so that the faces of those ends may be brought 
directly opposite and close to the poles of the magnet 
when required. Ten copper wires — covered with silk, 
in order to insulate them — are wound roumd one half of 
the ba^ of soft iron, as a compound helix: teif other 
wires, also insulated, are wound round the other half of 
the bar. The extremities of the first set of wires are in 
metallic connection with a eircular disc, which dips into 
a cup of mercuiy, while the ends of the other ten wires 
in^ the opposite direction are soldered to a projecting 
screw-piece, which carries a slip of copper with two 
'Opposite p6iuts. The steel magnet is stationary; but 
^hen the armature, together with its appendages, is 
made to rotate Vertically, the edge of the disc alwajra 
remains immersed in the mercury, while the points of 
the copper slip alternately dip In it and rise above it* 
By the ordinary laws of induction, the armature becomes 
a temporary magnet while its bent ends are opposite 
the poles of the steel magnet, and ceases to be magnetic 
when they are at right angles to them. It imparts its 
temporary magnetism to the helices which concentrate 
it ; and while one set conveys a current to the disc, the 
other set conducts the bpposite current to the copper slip. 
As the edge of the revolving disc is always immersed in 
the mercury, one set of wires is constantly maintained 
in contact with it, and the circuit is only completed 
when a point of the copper slip dips in fiie mercury 
also ; but the circuit is broken the moment that point 
rilBes above it. Thus, by the rotation of the armature, 
the circuit is alternately broken and renewed ; and as 
it is only at thesci moments that electric action is mani*- 
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fested, a brilliant spark takes place every time the cop« 
per point leaved the surface of the mercury. Pktina 
Wire is ignited, shocks smaiiis enough to be disagreeable 
are given, and water is decomposed witii astonishing" 
rapidity by the same means ; which proves beyond a 
doubt the identity of the magnetic and electric agencies, 
and places Dr. Faraday, whose experiments established 
l^e principle, in the first i-ank of experimental philoso- 
phers. 
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Electricity produced by Rptation-^Pirection of the Currents — Electricity 
from the Rotatioa of a Magnet — M. Arago's Experiment explained — 
Rotation of a Plate of Iron between the Poles of a Magnet — Relation of 
Subst^ces to Magnets of three kinds — Thermo- Electricity. 

M. Arago discovered sxt entirely new source of mag- 
netism in rotatory motion. If a circular plate of copper 
be made to revolve immediately above or below a mag- 
netic needle or magnet, suspended in such a manner 
that the magnet may rotate in a plane parallel to that of 
the copper plate, the magnet tends to follow the circum- 
volution of the plate; or if the magnet revolves, the 
plate tends to follow its motion : so powerful is the 
effect, that magnets and plates of many pounds weight 
have been carried round. This is quite independent of 
the motion of the .air, since it is the same ,when a paiie 
of glass is interposed between the magnet and the cep- 
peir. When the magnet and the plate are at rest, not 
the smallest effect, attractive^ repulsive, or of any kind, 
can' be perceived between tliem. In describing this 
phenomenon^ M. Arago states that it takes place not 
only with metals, but with all substances, solids, liquids, 
and even gases, although tho intensity dep^ends upon 
the kind of substance in motion. Experiments ' made 
by Dr. Faraday explain tiiis singular action. A plate 
of copper, twelve inches in diameter and one-fifth of an 
inch thick, was placed between the poles of a powerful 
horseshoe magnet, and connected at certain points with 
a galvanonaeter by copper -Wires. -When the plate wte 
at rest no effect was produced ; but as soon as the plat^ 
£b 
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was made to revolve rapidly, ilie galvanometor needle 
was deflected sometimes as much as 90°, and, by a uni- 
form rotatioD, the deflection was constantly maintained 
at 46°. When the motion of the copper pl^ was re- 
versed, the needle was deflected in the contrary direc- 
tion, and<thns a permanent cun*ent of electricily -was- 
evolved by an ordinary magnet. The intensity of the 
electricity collected bylhe wires, and conveyed by them 
to the galvanometer, varied with the position of the 
plate relatively to the poles of the magnet. 

The motion of the electricity in the copper plate may 
be conceived by considering, that merely by moving a 
single wire like the spoke of a wheel before a magnetic 
pole, a current of electricity tends to flow through it 
from one end to the otfier. Hence, if a wheel be con- 
structed of a great many such spokes, and ]?evoived 
n^ar the pole of a~ magnet in the manner of the copper 
disc, each radius or spoke will tend to havd a cutrent 
produced in it as it passes the pole. Now, as the 
circular plate is nothing more than an infinite nuniber 
of radii or spokes in contact, the currents will flow in 
the direction of the radii if a channel be open for their 
return, and in a continuous plate that channel is aflbrded 
by the lateral portions on each side of the pa^cular 
radius close to the magnetic pole. This hypothesis is 
confirmed by observation, for the currents of positive 
electricity set from the center to the circumference, and 
the negative from the circumference to' the center, and 
vice versdy according to the position^ of the magnetic 
poles and the direction of notation. So that a collecting 
wire at the eenter of the copper plate conveys positiye 
electricity to the galvanometer in one case, and -negative 
in another; that collected by a conducting wire in con- 
tact with the circumference of the plate is always the , 
opposite of the electricity conveyed from the center. 
It is evident that when the plate and magnet are both 
at rest, no eflisct takes place, since the electric ctirrentB 
which cause the deflection of the galvanometer cease 
altogether. The same phenomena may be produced by 
electro-magnet^. The eflects are similar vvhen the 
magnet rotates and the plate remains at rest.- When 
the magnet revokes uniformly, about its own axis, elec- 
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tricity of the same .kind is collected at its poles, and the 
opposite electricity at its equator. i 

The phenomena which . take place in M. Arago's 
experiments may be explained on this principle. When 
both the copper plate and the magnet are revolving, the 
action of the ipduced electric current tends continually 
to diminish their relative motion, and to bring the mov- 
ing bodies into a state of relative rest : so that if one be 
made to revolve by an extraneous force, the other will 
tend to revolve about it in the same direction, and with 
the same velocity. 

\ When a plate of iron, or of any substance capable of 
being made either a temporary or permanent magnet, 
l*evolves between the poles of a magnet, it is found that 
dissimilar poles oh opposite sides of the* plate neutralize 
each other's effects, so that no electricity is evolved; 
while, similar poles on each side of the revolving plate 
increase the quantity of electricity, and a single pole 
eiid-on is sufficient. But when coppep,.and substances 
not sensible to ordinary magnetic impressions, revolve, 
iSimilar poles on opposite sides of the plate neutralize 
each other; dissimilar poles on each side exalt the 
action: and a single pole at the edge of the revolving 
plate, or end-on, does nothing. This forms a test: for 
distinguishing the ordinary magnetic force from that 
produced by rotation. If unlike poles, that is, a north 
and south pole, produce more effect than one pole, the 
force will be due to electric currents;, if simUar poles 
produce more effect than one, then the power is not 
electrite. These investigations show that there aire 
really very few bodies magnetic in the manner of iron. 
Dr. Faraday therefore arranges substances in tliree 
classes, with regard to their relation to magnets : — ^those 
affected by' the magnet when at rest, like irou, steel, 
arid nickel, which i)o^sess ordinary magnetic properties; ^ 
those affected when in motion, in which electric cur- 
rents, are evolved by the inductive force of the magnet, 
such as copper ; and, lastly, those which are perfectly^ 
indifferent to the magnet, whether at rest or in motion. 

It, has already been observed, that three bodies are 
requisite tp form a galvanic circuit, one of which must 
be fluid. But in 1822, Professor Seebeck, of Berlin, 
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discovered that. electric currents may be produced by 
the partial application of heat to a ciifcuit formed of two 
solid conductors. For example, when a semicircie^ of 
bismuth, joined to a semicircle of antimony, so as to form 
a ring» is heated at one of the junctions by a lamp, a^ 
current of electricity flows through the. circuit from the 
antimony to the bismuth, and such thermo-elecU'ic cur- 
rents produc^e all the electro-magnetic elfects. A com- 
pass Qeedle placed either within or without the circuit, 
aud at a small distance from it, is deflected from its na- 
tural position, in a direction corresponding to Ijie way in 
which the electricity is flowing. If such ^a ring be sus- 
pended so as to ^ move easily in any direction, it will obey 
the action of a tnagnet brought near it, and may even 
be made to revolve. According to the researches of M. 
Seebeck, the same substance, unequally heated, exl^bits 
electrical currents ; and M. ,Nobili observed, that in all 
metals, except zint, iron, and antimony, the eledricity 
fjows from the hot part toward that which is cold. That 
philosopher attributes teirestrial magnetism to a differ- 
ence in the action of heat on -the various sabstances of 
which the crust of the earth' is cbmposed; and in con- 
firmation of his views he has produced electrical currents 
by the contact of two pieces of moist clay, of which one 
was hotter than the other. 

M. Becquerel constructed a thermo-electric battery of 
one kind of metal, by which he has determined the re*- 
lation between the heat employed and the intensity of 
the resulting electricity. He found that in most metals 
the intensity of the current increases with the heat to a 
certid|| limit, but that this law extends much farther in 
metals that are difficult to fuse, and which do not rust. 
The experiments of Professor Gumming show that the 
mutual action of a magnet and a thermo-electric current 
is subject to the same laws as those of magnets and gal- 
vanic currents^ consequently all the phenomena of repul- 
sion, attraction, and rotation maybe exhibited by a thermo- 
electric current. M. Botto, of Turin, has decomposed 
water and some solutions by thermo-electricity^ and ' 
very recently the Cav. Antinori of Florence has suc- 
ceeded in obtaining a brilliant spark with the aid CfffiQ 
electro-dynamic coil. 
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The principie of thermo-electricity has been employed 
by MM. Nobili B«d Melloni for measuring extremely 
miaute quantities of heat in their experiments on the 
instantaneous transmission of radiant caloric. The 
thernio-multiplier, which they constructed for that; pur- 
pose, consists of a series of alternate bars, or rather fine 
wires of bismuth and antimony, placed side by side^ and 
the extremities alternately soldered together* When 
heat is applied to one end of this apparatus, the other 
remaining at its natural temperature, currents of elec- 
tricity flow through each pair of bars, which are conveyed 
by wu*es to a delicate galvanometer, the needle of which 
points out the intensity of the electricity conveyed, and 
consequently that of the heat employed. This instru- 
ment is so delicate that the comparative warmth of dif- 
ferent insects has been ascertained by means of it. 
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In all the experiments hithertx) described, artificial 
magnets alone were used; but it is obvious that the 
magnetism of the terrestrial spheroid, which has so 
powerful an influence on the mariner's compass, *must 
also aflect electrical currents. It consequently appears 
that a piece of copper wire, bent into a rectangle,, and 
free to revolve on a vertical axis, arranges itself with its 
plane at right angles to the magnetic meridian, as soon 
as a stream of electricity is sent through it. Under the 
same circumstances a similar rectangle, suspended on a 
horizontal axis at right angles to the magnetic meridian, 
assumes the same inchnation with the dipping needle ; 
so that terrestrial magne^tism has the same infli^ence on 
clerical currents as an artificial magnet. But the 
magnetic action of the earth also induces ^electric cur- 
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rents. When a holloW helix of copper wire, whose 
extremities are connected with the galvanometer. Is 
{)]aced in the magnetic dip, and suddenly inverted sev- 
eral tknes, accommodating the motion to the oscillations 
of tbe needle, the latte^ is soon made to vibrate through 
an,arc of-80® or 90°. Hence it is evident, that what- 
ever mliy be the cause of terrestrial magnetism, it pro- 
duces currents of electricity by its direct inductive power 
upon a met^ not papable of exhibiting any of the ordi- 
nary^magnetic properties. The action on the galvanom- 
€^ter is much greater when a cylinder of soft iron is 
inserted into the helix, and the same results foHow the 
simple introduction ofthe iron cylinder into, or removal 
out of, the helix. These effects arise from the iron 
heiog hiade a temporaiy magnet by the inductive action 
of terrestrial magnetism ; for a piece of iron, such as a 
poker, becbmes a magnet for the tiiriB, whei^ placed in 

-^ the line of the magnetic dip. 

M. Biot has formed a theory of terrestrial tnagnetism 
upon the observations of M^ de Humboldt as data. As- 
suming that the action of two opposite magnetic poles 
of the earth upon any point is inversely as the squares 
«f the distances, he obtains a general expression for the 

' vxlirection of the magnetic, needje, depending upon ^ the 
dist^ce between. the north and- south magnetic poles; 
so tBtit if one of these quantities varies, the correspond- 
ing variation of the other will be known. By making 
the distance between the poles vary, and comparing the 
resulting direction of the needle with the x)bservations 
of IVf • de Humboldt, he found that the nearer the poles 
are supposed to approach to one another, the more' lltift 
computed and observed results agree; and when the 
poles were aissumed to coincide, or nearly so, the difFelr- 
ence between theoiy and observation is the least possi- 
ble. It is evident, therefora, that the earth does not 
act as if it were a permanently magnetic body, the dis- 
tinguishing characteristic of which is, to have two poles 
at a distance frx)m one another. Mr. Barlow has inves- 
tigated this subject with much skill and success. He 
first prdved that the magnetic power of an iron sp]^ere 
resides in its surface ; he then inquired what the super- 
ficial action of an iron sphere in a state' of transient mag- 
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iietic induction, on a magnetized needle, would be, if 
insulated from;^ the influence of terrestrial magnetism. 
The results obtained, corroborated by the profound 
analysis of M. Poisson, on the hypothesis of the two 
poles being indefinitely near the center of the spl^ere, 
are identical with those obtained by M. Biot for the 
earth from M. de Humboldt's observations. Whence 
itfollbws, that the laws of terrestrial magnetism deduced 
from the formulae of M. Biot, are inconsistebt with thosei 
which belong to a permanent magnet, but that they ar© 
perfectly concordant with those belonging to a body in ft 
state of transient magnetic induction. The earth, there- 
fore, is to be considered as only transiently magnetic by 
induction, and not a real magnet. Mr. Barlow has ren- 
xiiBred this extremely probable by forming a wooden 
.globe, with, grooves admitting of a copper wire being 
coiled round it parallel to the equator from pole to pole. 
When a current of electricity was sent through the 
wire, a magnetic needle suspended above the globe, and 
neutralized from thelnfluepce of the earth's magnetism, 
exhibited all. the phenomena of the dipping and varia- 
tion needles, according to its positions witib regard 'to 
the wooden globe. As there can be no doubt l£at this 
same phenomena would be Exhibited by currents of 
thermo, instead of Voltaic electricity, if the grodtes of 
the wooden globe were filled by rings constituted '^of two 
metftls, or of one metal unequally heated, it seems highly 
probable that the heat of the sun may be a great f^nt 
in developing electric currents in or near the surface of 
earth, by its a<^tion upon the substances of whi|»h the 
^iffpbe is composed, and by changes in its intensity,^' may 
occasion the diurnal variation of the compass, and the 
other vicissitudes in terrestrial magnetism evinced by 
- tihe disturbance^ in the direction of the magnetic lines, in 
the same manner as it influences the parallelism of the 
isothermal lines;^ That such currents do exist in metal- 
liferous veins iq)pears from the experiments of Mr. Fox 
iu the Cornish mines.' Even since the last edition of 
this book was published, Mr., Fox has obtained additional 
proof of the activity of electro-magnetisni- under the • 
earth's surface. He has shown that not only the nature 
of the metalliferous deposits must have been determined 
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by their relative eleclrical conditipns, but that the direc- 
tion of the metallic veins must have been influenced bj> 
the direction of the magnetic meridians; and in factr 
almost all the metallic deposits in the- world tend from 
east to meat, or from nordieaat to southwest. . Though 
it is impossible to say in the present state of our knowl- 
edge, how far the sun may be concerned in the phe- 
nomena of terrestrial magnetism, it is probable that thei 
secular and periodic disturbances in the magnetic force 
are occasioned by a variety of. other combining circum- 
stances. Among these M.Biot mentions the vicinity of 
mountain chains to the place of observation, and still 
more the action ,of extensive volcanic lires, which change 
the chemical state of the terrestrial surface, thoy them- 
selves varying from age to age, some becoming extinct, 
while others burst into activity. Should the. ethereal 
medium which fills space be the same with the electric 
fluid, as M.^ Mossotti supposes, may not the heat of the 
sun rarefy it at the earth's equator, and thus by the in- 
equality of its distribution, and its superior density at 
the poles, occasion some of the magnetic phenomena of 
the globe ? and may not the sun's motion ih declination 
cause., temporaiy variations of density, in the fluid, and 
produce periodic changes in the magnetic equator and 
intensity ? Were thb the ease, all the planets would 
be mftguets like the earthv being precisely in similar cir- 
cumstances. 

It is moreover probable, that terrestrial magnetism 
may be owing, in a certain extent, to the earth's rota- 
tion. Dr. Faraday has proved that all the phenoniena 
of revolving plates may be produced by the inductive 
action of the earth's magnetism' alone. If a copper plate 
be connected with a galvanometer by two copper wires, 
one from the center and another from the circumference, 
}n order to collect and convey the electricity, it is fpund 
that when the plate revolves in a plane passing thraugh 
the line of the dip, the galvanometer is not aflected. 
But ais soon as the plat^e is inclined to that plane, elec- 
tricity begins to be developed by its rotation ; it becomes 
more powerful as the inclination increases, and arrives - 
at a maximum when the plate revolves at right angles to 
the line of the dip. When the revolution is in the same 
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direction with that of the hands of a watch, the current 
of electricity flows from its center to the circumference ; 
and wheu the rotation is in the opposite direction, the 
current sets the contrary way. The greatest deviation 
of the galvanometer amounted to 50° or 60*^, wteen the 
direction of the rotation was accommodated to the oscil- 
lations of the needle. Thus a copper plate, revolving in 
a plane at right angles to the line of the dip, forms a new 
electrical machine, differing from the common plate- 
glass machine, by the material of which it'ls composed 
being the most perfect conductor, whereas glass is the 
most perfect non-conductor ; besides, insulation, which 
is essential in the glass machine, is fatal in the copper 
one. The quantity of electricity evolved by the metal 
does not appear to be inferior to that developed by the 
glass, though very different in intensity. 

From the experiments of Dr. Faraday, and^also fifom 
theory, it isr possible tHat the rotation of the earth may 
produce electric ciirrents in its own mass. In that oase, 
they would flow superficially in the meridians, and if 
collectors could be applied at the equator, and poles, as 
IB the revolving plate, negative electricity would be col- 
lected at the equator, and positive at the poles ; that is 
to say, there would be a deficiency at the equator and a "" 
redundancy at the poles ; but without something equiv- 
alent to conductors to complete the circuit, these' cur- 
rents could not exist. 

Since the motion, not oniy of metals but even of fluids, 
when under the influence of powerful magnets, evolves 
electricity, it is probable that the gulf-stream may exert 
a Sensible influence upon the forms of thj9 lines ormag- 
netic variation, in consequence of electric currents mov- 
ing across it, by the electro-magnetic induction of the 
eputfa. Even a ship, passing over the surface of the 
water in northern or southern latitudes, ought to have 
electric currents running directly across the line of her 
motion. Dr. Faraday observes, that such is the &cility 
with which electricity is evolved by the earth's magnet- 
ism, that scarice any piece of metal can be moyed in 
contact with others without a development of it, and 
consequently, among liie arrangements of steam-engines 
and metallic machinery, curious electro-maguetic com- 
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binatioDs probably exist, which have never yet been no- 
ticed. ■ ' \ - . ■ 

According to the observatipns of MM.. Biot and Gay- 
Lussac, during their aerostatic expeditiop, the magnetic 
action is not confined to tbe^ surface of the eartli, but 
extends into space. The moon has become highly 
magnetip by induction, in consequence of her proximity 
to the earth, and because her ^eatest diameter always 
poiots toward it. Her influence on. terrestrial magnetism 
IS now ascertained : the magnetism of the hemisphere 
^ that is turned toward the earth attracts the pole of our 
needles that is turned toward the south, and increases 
the magnetism of our hemisphere ; and as the magnetic, 
like the gravitating force, extends through space, the 
induction of the sun, moon, and planets must, occasion 
perpetual variations in. the intensity of terrestrial mag- 
netism, by the continual cBanges in their relative posi- 
tions. 

In the brief sketch that has been given of the five 
kinds of electricity, those points of resemblance have 
been pointed out which are characteristic of one indi- 
vidual power. But as many anomalies have been lately 
removed, and the identity of the differejit kinds placed 
beyon^ a doubt by Dt. Faraday, it may be satisfactory 
to take a summary view of the various coiocidences in 
their modes of action oa which their identity has been so 
ably and completely established by that great electrician. 

The points of comparison are attraction ahd repulsion 
at sensible distances, discharge from points through air, 
the heating power, magnetic influence, chemical dpcom- 
position, action on the human frame, and lastly, the spark. 

Ordinary electricity, is readily discharged from points 
through air, but Dr. jf araday found that no sensible ef- 
fect takes place from a Y oltaic battery consisting of 140 
double plate^, eitl^er through air or in the eidhauated 
receiver o^ an air-pump, the tests of the discharge being 
the. electrometer and chemical action, — a circumstance 
owing to tlie small degree of tetision, for an enormous 
quantity of electiicity is required to make these effects 
sensible, and for that reason' they cannot be expected 
from the other kinds, which are much inferior in do- 
gi'ee. Common electiicity passes easily through raro- 
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fied and hot^r, and also through flame. Dr. Faraday 
effected chemical decomposition and a deflection of the 
galvanometer by the transniission of Voltaic electricity 
through heated air, and observes tlvEit these experiments 
are only cases of the discharge which takes place through 
air between the charcoal teruiinations of Uie poles of a 
powerful battery when they ar^ gradually separated 
after contact — for the air is then heated. Sir Humphry 
Davy mentions that, with the oiiginal Voltaic apparatus 
at the Royal Institution, the discharge passed through 
four inches of air ; that, in the exhausted receiver of an 
air-pump, the electricity would strike through nearly 
half an inch of space, and the combined effects of rare- 
faction and heat upon the included air were^ such as to 
enable it to conduct the electricity through a space of six 
or seven inches. A Leyden jar may b^ instantaneously 
charged with Voltaic, and also with magneto-electricity 
—another proof of their tension. Such effects cannot be 
obtained f]*om the other kinds^ on account of their weak- 
ness only. , ' 

The heating powers of ordinary and Voltaic electri- 
city have long been known, but the world is indebted to 
Dr. Faraday for the wonderful discovery of the heating 
power of the magnetic fluid t there is. no indication _of 
heat either from the animal or thermo electricities. All 
kinds of electricity have strong magnetic powers, those 
of the Voltaic fluid are highly exalted, and the. existence 
of tlie" magneto and thermo electricities was discovered 
by their magnetic influence alone. The neodle has 
been deflected by all in the same manner, and magnets 
have been made by all according to the same laws. 
Ordinary electricity was long supposed incapable of de- 
flecting the needle ; M. CoUadon and Dr. Faraday how- 
ever have proved that, in this respect also, ordinary elec- 
tricity agrees with Voltaic, but that time must be allowed 
. for its action.. It deflected the needle, whether the cur- 
rent was sent through rarefied air, water, or wire. 
Numerous chemical decompositions have been effected 
by ordinary and Voltaic electricity^, according to the 
same laws and modes of Arrangement. Dr. Pavy de- 
composed water by' the electricity of the torpedo, — Dr. 
Faraday accomplished its decomposition, ^nd Di% Ritchie 



336 ■ IDENTITY OP THE ELECrrRICITIES. Skct. XXXV. 

its composition, by means of magnetic^ acHton ; 'And M. 
Botto of Turin, has shown the chemical effects of the 
thermo-electricity in the decomposition of water, and 
some other substances. The electric and galvanic 
shock, the flash in the eyes, and the sensation on the 
tongue, are well known. All these effects are produced 
by magneto-electricity, even to a painftil degree; The 
torpedo and gymnotus electricus give severe shocks, and 
the limbs of a frog have been convulsed by thermo-elec- 
tricity. The last point of comparison is the spark, 
which is common to th6 ordinary Voltaic and magnetic 
fluids ; and Professor LinarL of Sieiia, has very lately 
•obtained both the direct and induced sparks froni the 
torpedo, proving that in this respect animal electricity 
does not differ from the others. Indeed, the conclusion 
drawn by Dr. Faraday is that the five kinds of electri- 
city are identical, and that the differences of intensity 
4nd quantity are quite sufficient to account for what 
were supposed to be their distinctive qualities. He has 
given still greater assurance of their identity by showing 
Siat the magnetic force and the chemical action of elec- 
tricity are in direct proportion to the absolute quanti^ 
of the fluid' which passes through the galvanometer, 
whatever its intensity" may be. 

In light, heat, and electricity, or magnetism, nature 
ha^ exhibited principles wluch do not occasibn any ap- 
preciable change in the weight of bodies, although their 
presence is -manifested by the most remarkable mechan- 
ical and chemical action. These agencies are so con- 
'nected, that there is reason to believe they will ulti- 
mately be referred to some one power of a higher order, 
in conformity with the general economy of the system 
~of the worla, where the most varied and complicated 
effects are produced by a' small number of universal 
laws. These principles penetrate matter in all direc- 
tions ; their velocity is prodigious, and their intensity 
varies inversely as the squares of the distances. The 
development of electric currents, as watt* by magnetic 
as electric induction, the similarity in their inpde of ac- 
tion in a great variety of circumstances, but above all, 
tl^ production of the spark from a magnet, the ignition 
of metallic wires, and cheimical decomposition, show Uiar 
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ma^M^BOn ofii ik> longer be regarded as a sepaEata w 
dependent principle. Aljdioagh the evolution of ligjit 
and heat during the passage of the electric fluid may be 
from the compression of the «ir« yet the derelopment 
oi electricity- by Jbeat, the influence of heat on magufitic 
bodies, and thftt of light on the vibration of the compass^ 
show an occult connection between all these agents^ 
which probidi>ly will one. day be revealed. In the mean 
time it opens a noble fi^d of experimental research to 
philosophers of the present, periiaps of future ages. . 
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In considering the constitution of the earth and the 
fluids which surround it, various subjects liave presented 
themselves to our notice, of whidt somej^ibr aught we 
know, are confined to the planet we inhabit ; si^ne See » 

common to it and io the other bodies of our- system. 
But an all-pervading ether probably fills the whole mt- 
ble creation, and convert, in the form of light, tremj(»t8 
which may have b^en excited in the deepest reeesses 
of the universe thousands of years before we were^called 
into being. The existence of such a medium^ though 
at fii'st hypothetical, i» nearly proved by the unduiatcny 
theory of light, and rendered all but certain within, a 
few years by the motion of comets, and by its action 
upon the vapors of which they are chiefly composed; 
It has often been imagined, that, in addition to l&e ef- f 

fects of heat ^and electricity^ the tails of comets .have / 

infused new substances into our atmosphere. Possibly 
tiie earth n^f attract, some of i&&t nebulous raattor, i^ 

since the vapors raised by the sun's heat, when the ^ 

comets are' in perihelio, alid whidbi foi*m their tails, are 
scattered through space in their passage to their aplM- * 

hoo^; birt it has hitherto produced no effect, nor hilve 

22 Ff ♦ 
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th0 deasons ever been influenced, by these, bodies^ The 
light of the comet of the year 1811, which was so bril- 
liant, did not impart any heat even when condensed on 
the bulb of a thermometer, of a structure so delicate 
that it would have made the hundredth part of a degree 
evident. In all probability, the tails of cofhetis may have 
passed ever the earth widiout its inhabitants being con- 
scious of their presence ; and there is reason to believe 
lihat the tail of the great comet oi 1843 did so. 

Tb0 passage of comets has never sensibly disturbed 
the stability of the solar system; their nucleus, being in 
general only a mass' of vapor, is so rare, and their transit 
so rapid, that the time has not been long enough to ad- 
mit of a sufficient accumulation of impetus to produce a 
perceptible action* Indeed M. Dusejour has proved, 
that under the mdst favorable cirpumstances, a ,comet 
cannot remain longeri^than two hours, and a half at a less 
distance from the earth than 10,500 leagues. The 
comet of 1770 passed within about six times the distance 
of the moon from the earth, without even affecting our 
tides. Accoriiing to La Place, the action ef the earth 
on the comet (S 1770 augmented the period of its revolu- 
tion bymor oAa n two days^ and if comets had any per- 
ceptible disturbing energy, the reaction of the comet 
ou^t to have ipcreased the length of our year. Had 
th^'mass of that comet been equal to the mass .ef^the 
earth, its disturbing action ^WflpEiId have increased the 
sjength of the sidered year by 2'* 53"°! but as Djelambre's 
eoDOiputations from the Greenwich observations of the 
sun show that the length of the year has not been in- 
creased, by die fraction of a second, its mass could, not 
have b^en equal to the ^^Viv^^ part of that of the earth. 
This- accounts for the' same comet having twice swept 
through the system of Jupiter'a satfjlites without de- 
ranging the motion of tlsese moons. M. Dusejour has 
computed that a comet, equal in mass to the earth, pass- 
ing at the distance of 12,150 leagues from our planet, 
would increase the length of the year to 367** 16*' 5™, and 
tiie obliquity of tlie ecliptic as much as 2°. So the 
principal action of comets would be to alter the calendar, 
ev©n if they were dense enough to affect the earth. 

Comets traverse all parts of the' heavens ; their paths 
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have every possible iiiclination to the plane of tha eclip- 
tic^ and, unlike^ the planets, the motion of more than 
half of those that have appeared has been retrograde, 
that is, from east to west. They are only visible when 
near thoir perihelia; then their velocity is such, that its 
square is twice as gr^at as that of a body moving in a 
circle at the same distance : they consequently remain 
but* a very short time within. the planetary orbits. And 
as all the conic sections of the same focal distance sen- 
sibly Qoincide, through a small arc, on each side 6f the 
extremity of their axis, it is difficult to ascertain in which 
of these curves the comets move, from obsei*vations 
made, as they necessarily must be, at their perihelia 
(N. 220). Probably they all move in extremely eccen- 
tric ellipses ; although in most cases the parabolic curve 
coincides most neai-ly with their observed motions. 
Some few seem 4x) describe hyperbolas; such, being once 
visible to us, would vanish forever, to wander tlwough 
boundless space, to th& remote systems of the universe. 
If a planet be supposed to revolve in a circular orbit, the 
radius of which is equal to the perihelion distance, of a 
comet moving in a parabola, the areas described by these 
two bodies in the same time will be a^^unity to the 
square root of two, which forms such a connection be- 
tween the motion of comets and planets, that by K^p- 
l^r^s law, the ratio of the areas described duriqg i|ie 
• same time by the comdi'and the earth may be found. 
So that the place of a comet may be computed at any 
time- in its paraboUc orbit, estimated from die instant of . 
its passage at the perihelion. It is a problem of very 
great difficulty to determine all the other elements of 
parabolic motion — namely, the comet's perihelion dis- 
tance, or shortest distance from the sun, estimated in 
parts of the meaa distance of the earth from the sunf 
the longitude of the' perihelioi^; the inclination of the 
orbit on the plane of the ecliptic ; and the longitude of 
the ascending node. Three observed longitudes and 
latitudes of a comet are sufficient for computing the ap- 
proximate values of these quantities ; but an accurate 
estimation of them can only be obtained by successive 
corrections, from a number of observations, distant from 
one another. When the motion of a comet is retrograde, 
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tho place of the ascending node is exactly opposite to 
what it is when the motion is direct. Hence the place 
of the ascending node, together with the direction o^the 
comet's motion, show whether the inclination of the 
orbit is on the north x>r south side of the plane of the 
ecliptic. If the motion be direct, the inclination is on 
the north side ; if retrograde, it is on the south side. 

The identity of the elements is the only proof vof the 
return of a'^met to our system. Should the elements 
of a new comet be the same, or nearly the same, with 
those of any one previously known, file probability 6f 
the identity of the two bodies is very great, since the 
similarity extends to no' less than four elements, every 
one of which is capable of an infinity of variations. . But 
even it the orbit be determined with all the accuracy the 
case admits of, it may be difficult, or even impossible, 
to recognize a comet on its return, because its orbit 
wptild be veiy much changed if it passed near any of 
the large planets of l^his or of any other system, in con- 
sequence of their disturbing energjr, which would be 
very great on bodies of so rare a nature. 

By fer the most curious and interesting instance of 
the disturbing action of the great bodies of our system 
is found in the comet of 1770^ The elementg of its or- 
bit,, determined by Messier, did not agree veith tHose"^ of 
any comet that had hitherto beien computed, yet Lexel 
^certained that it described an ellipse about the sun, 
whose major 'axis w*s^ only equal to three times the 
fjength of the diameter of 'the terrestrial orbit, and con- 
sequently that it must return to the sun at intervals of 
five years anid a half. This result was* confinhed by 
numerous observations, as the comet ^as visible trough 
«n arc of 170° ; yiet this^ comet had never been observed 
before the year 1770, nor has it ever again been seen 
tall 1843, though very brilliant. The disturbing )Eiction 
of the lai*ger planets affoi-ds a solution of this anomaly, 
as Lexel ascertaitfed that in 1767 the comet must hafve 
passed Jupiter at a distance less than the fifty-eigh^ 
part of its distance from the sun, s^nd that in 177.9 it 
would be 500 times nearer Jupiter than the sun ; conse- 
quently the action of the sun on the comet would not be* 
die fiftieth part of what it would experience from Jtipl- 
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ter, so that Jupiter became the priiaum mobile. As- 
suming the orbit to be such as Lekel had determined in 
1770, La Place found that the action of Jupiter, previ- 
ous to the year 1770, had so completely changed ithe 
form of it, that the comet which had been invisible to us 
before 1770, was thea brought into view, je^nd that the 
action of the same planet producing a contrary effect, 
has subsequently to that year removed it fi^om our sight, 
sin<;e it was computed tq be revolving in ai^ orbit whose 
perihelion was beyond the orbit, of Ceres.*^ However, 
Ihe action of Jupiter during the summer of 1840 must 
have been so great, from his proximity to thlit singular 
body, that he seems to have brought it back to its former 
path, as he had doiie in 1767, for the elements of the 
orbit of a comet which was discovered in Noveniber, 
. 1843, by M. Faye, agree so nearly with those of the 
orbit of Lexel's comet as to leave scarcely a doubt bf 
their identity. From the smallness of the eccentricity, 
the orbit resembles those of the planets, but this comet 
is li^ie to greater pertui'bations dian any other body in 
the system, because it comes very near the orbit of 
Mars when in perihelioA, and very near that of Jupiter 
when in aphelion; besides, it passes witl4n a compara- 
tively small distance of the qrbits of the minor planets, 
and as it will continue to cross the orbit of Jupiter at 
each revolution till the two bodies meet, ^its periodic 
(ime, now about seven years, will again be changed, but 
in the mean time it ought to return to its pejihelion in 
the year 1851. This comet might have been seen froni 
th^ earth in 1776, had its Bght not beeu eclipsed by tfaB|ifc 
of the sun. It is quite possible thatxx>mets frequenting 
our system may be turqed away, or others brought to 
the sun, by^ the attraction of planets revolving beyond 
the orbit of Uranus, or by bodies still farther removed 
froni the solar< influence* 

Other three comets, liable to less disturbanpe» return ^ 
to the «un.at stated intervals. Ha|Iey computed the 
elements of the orbit of ^ comet that appeared in the 
;year 1682, which, agreed so nearly vrith those of the 
coniets of 16Q7 and 1531, that he concluded it to be the 
same body returning to the sun a( intervals of about 
.saveiity-five years. He consequently predicted its re- 
F F 2 
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appearance in the year 1758, or in the beginning of 
1759. Science vras not sufficiently advanced in the time 
of Halley, to enable him to determine the perturbations 
this comet might experience; but Clairaut computed, 
that ' in coiisequence of the attraction of Jupiter and 
Saturn, its periodic time would be so much shorter than 
during its revolution between 1607 and 1682, that it 
would pass its . perihelion on the 18th of April, 1759. 
The comet did arrive at that point of its orbit on the 12th 
of March, which was thirty-sev^n days before the time 
assigned. Clairaut subsequently reduced the error to 
twenty- three days ; and La Place has since shown that 
if would qnly have been thirteen * days if the mass of 
Saturn had been as well known as it is now. It appears 
from this, that the path of the comet was not quite known 
at that period; and although many observations were 
then made, they were far from attaining the accuracy of 
those of the present day. Besides, since the year 1759 
the orbit of the comet has been altered by the attraction 
of Jupiter in one direction, and that of the earth, Saturn, 
and Uranus, in the othdr; yet, notwithstanding, these 
sotirces of uncertainty, and our ignorance of all the pos> 
sible causes of derangement fpom unknown bodies on 
the confines of our system, or in^ the regions beyond it,N 
the comet has appeared exactly at the time, and not far 
from the place, assigned to it by astronomers ; and its 
actual arrival at its perihelion a little before noon on the 
16th of November, 1835, only differed from the com* 
puted time by a very few days. 

The fulfilment of this astronomical prediction is truly 
wonderfril if it be tonsidered that the comet is seen only 
for a few weeks, during its passage throiighpur system, 
end that it wanders from the sun for seventy-five years 
to twitee the distance of Uranus. - This enormous orbit 
is four times longer than it is broad ; its longth is about 
3420 millions of miles, or about thirty-six times the mean 
distance of the earth from the sun. At its perihelion 
^ the ^ comet comes within nearly fifty-seven millions of 
miles of the sua, and at its aphelion it is sixty times 
more distant. Ou account of this extensive range it 
must experience 3600 times more light and heat when 
nearest to the sun than in the most remote point of its 
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orbit. In the one position the suA wffl seem to be four 
times larger than he appears to us, and at th0 other he 
will not be apparently; larger than a star (N. 221). 

On the first appearance of Hallej's comet, early in 
August, 1835, it seemed to be.merely a globular mass of 
dim vapor, without a tail. A concentration of light, a 
little on one side of the center, increased as the comet 
approached the sun and earth, and latteriy looked so 
like the disc of a small planet, that it might have been 
mistaken for a solid nucleus. M . Stnive, however, saw 
a central occultation of a star of the ninth magnitude by 
the comet, at Dorpatf on the 29th of September. The 
star remained constjfcntly visible, without any considera- 
ble diminution of light; and instead of being eclipsed, 
the nucleus of the comet disappeared at the momeilt of 
Conjunction from the brilliancy of tiie star. The tail 
increased as the comet approached its perihelion, and 
shortly before it was lost in the sun's rays, it was between 
thirty and forty degrees in length^ 

According to the observations of M . Valz, of Nismes, 
the nebulosity increased in magnitude as it approached 
the sun ; but no other comet on xecord has exhib^d 
such sudden and unaccountable changes, of aspect. The 
nucleus, clear and well defined, like ^e-disc of a planet, 
was observed on one occasion to become obscure and en- 
larged in the course of a few hours. But by far the 
most remarkable circumstance was die sudden appear- 
. ance of certain luminous brushes or sectors^ diverging 
from the center of the nucleus through the nebulosity. 
M. Struve describes the nucleus of the confet, in the 
beginning- of October, as elliptical, ainl like a burning 
coal, out of which ther.e issued, in a direction nearly op- 
posite to the tail, a divergent flame, varying in intensity, 
form, and direction, appearing occasionally even double, 
and suggesting the idea of luminous ^ bursting from 
the nucleus. On one occasion M.' Arago saw. three of 
these divei'gent flana'es on the side opposite the tail, rising 
through the nebulosity, which, they gready exceeded in • 
brilliancy : after the comet had passed" i^ perihelion, it 
acquired another of these luminous fans, which was ob- 
served by Sir John Herschel at the Cape of Good Hope. 
Hevelitts describes an appearance precisely similar, 
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^iwiblchli^ ]]Bd>wil3i9S8ed in this comet at itenij^oachto *'■ 
the ana ip thi^ year 16B!2y,and something of the kind 
seems to have l^eea noticed in the comet of 1744. Poa- 
mhfy the second- tail of the comet tsf 1724, which was 
directed, toward the sun, noay have been of this nature. 
. The induence of the etherei^ nledium on the motions 
of Halley's comet, will be known after another, revela- 
jtaon* and faturd astronomers will learn, by the accuracy 
of its returns, whether it has met with any unknown 
cause of disturbance in its distant jotufney . Undiscovered 
planets, beyond the insiUe boundary of pur^stem, s^iay 
johange its path and the period of its rev(dution, and thus 
may indirectly reveal to us their existence, and even 
their physical nature and orbit. The secrets of the yet 
more distant heavens m^y be disclosed to future genera- 
tions by comets which penetrate still &rther into space* 
toch as that «f 1763» which, if any faith nmy be placed 
In the computation, goes nearly forty-three times farther 
from the sun than HaHey's does, and shows that tb.e 
sun's attraction is powerful enough, at the enormous 
distance of U&,500 millions of miles^ ,to recall the comeot 
to-ifeB petiheUon. ' The periods of some comets are said 
to^Wof many thousand years, and even the average time 
of the revolutaop of comets generally Is about a j^housand 
yaars ; which proves that the sua's gravitating force ex- 
tends very fi&r. La Place estimates that the solar at- 
traction is felt throughout » sphere whose radius is a 
hundred millions of times greater than the distance of 
the earth from the sun. ^ 

Authentic records of Halle|^'s comet do not extend be- 
j^nd the year 1456, yet it maybe traced, with some 
degree of probability, even to ^ period preceding the 
Christian era. But as the, evidence (uily rests upon 
coincidences'^ of its periodic time, which may vary as 
much as ei^teen months from the disturbing action of 
the planets, its identity with comOts of such remote 
tinaes nmst be regarded as extremely doubtfuL 

This is the first comet whose periodicity has been 
established. It is also the first whosfo elements have 
been determined from observations made in Europe; for 
akhough the comets which f^ipeared in the years 240, 
539t 565,. and 837, are the most ancient of those whoie 
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« orbits hava been traced, thehr elements were computed 
from ChiDese obseryatioDs. 

Besides Halley's and LexePs comets, two others are 
now proved to form part of our system ; that is to say, 
they return to the sun at intervals,, one of three yearsi 
aind the other of 6^ years nearly. The first, generally 
called Encke's comet, or the comet of the short perioo, 
was first seen by MM. Messier and Mechain, in 1766, 
again by Miss Hersichel in 1805, and its returns, in the 
years 160$. and ISld, were observed by other astrono- 
mers, und^ the impression that all four were different 
bodies. However, Professor Encke not only proved 
their identity, but determined the circumstances of the 
comet's motion. Its reappearance, in the years 1825, 
1828, and 1632, accorded with the orbit assigned by M^ 
Encke^ who thus established the length of its period to 
be 1204 days, nearly. This comet is very small, of 
feeble light, and invisible to the naked eye, except 
under very &vorable circumstances, and in particular 
positions. It has no tail, it revolves in an ellipse of 
great eccentricity inclined at an angle of 13° 22' to the 
plane of the ecliptic, and is subject to considerable |^r- 
turbations from the attraction of the planets, whidi 
occasion variations in its periodic time. Among the 
many perturbations to which the planets are Uable, 
their mean motions, and therefore the mijor axes of 
their orbits, experiei^ce no change ; while on the con- 
trary, the mean motion of the moon is accelerated from 
age to age — a circumstance at first attributed to the re^ 
sistance of an ethereal ^^edium pervading space, but 
subsequently proved to arise from the seculiu* diminutid^ 
of the eccentricity of the terrestrial orbit. Although 
the resistance of such a medium has not hitherto been 
perceived in t&e motions of such dense bodied as the 
planets and satellites, its effects on the revolutions of 
the two small periodic comets hardly leave a doubt of 
its existence. From the numerous observations that 
have been made on each return of the eomet of the 
short period, the elements have been computed with 
great accuracy on the hypothesis of its moving in vacuo. 
Its perturbations occasioned by the disturbing action of 
the planets have been determined ; and After evezytUing 
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f 
that cotdd influence its motion ha^been duly considered, 
M. Encke found that wi acceleration of about two dftys 
in each revolution has taken place in its mean motion, 
precisely similar to that which would be occasioned" by 
the resistance of an ethereal medium. And as it cannot 
be attributed to a cause like that which produces the 
acceleration of the moon, it must be concluded that the 
celestial bodies do not perform their evolutions in an 
absolute void, and that althoagh the niedium be too rare 
to liave a sensible effect ort the masses of the plfinets 
and satellites, it nevertheless has a considerable influ- 
ence on sorare a body as a comet. Contradictory as it 
may seem, that ^he motion of a body should be accele- 
rated by the resistance of an ethereal 'medium, the 
truth becomes evident if it be considered that both 
planets and comets are retained in their orbits by two 
forces which exactly balance- one another; .namely, the 
centrifugal force piroducing the velocity in the tangent, 
and the attraction of the gravitating force directed to 
the center of the sun. If one of these forces be dimin- 
ished by any t;ause, the other will be proportionally 
increased.- Now, the necessary effect of a resisting 
medium is to diminish the tangential, velocity, so that 
the balance is destroyed, grtivily preponderates, the 
body descends toward the sun till equilibrium is again 
restored between the two forces; and as it then de- 
scribes a smaller orbit it moves with Increased velocity. 
Thus, the resistance ' of an ethereal medium actually 
accelera:tes the motion of a body ; but as the resisting 
force is confined to the plane of the orbit, it has ho in- 
^uence whatever on the inclination of the orbit, or on 
the place of the nodes. In computing its effect, M. 
Encke assumed the increase to be inversely as the 
squares of the distances, and that its resistance acts as a 
tangential foi-ce proportional to the squares of the 
comet's actual velocity in each point of its orbit. The 
other comet belonging to our system, which returns to 
its perihelion after a period of 6i years,- has been a<5- 
celerated in its motion by a whole day during its last 
revolution, which puts the existence of ether nearly 
beyond a- doubt, and forms a sti'ong presumption in, cor- 
roboration of the undulatory theory of light. Since this 
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comet, which revolves nearly between the orbits^ of the 
earth and Jupiter, is only accelerated one day at each 
revolution, while Encke's, revolving nearly between the 
orbits of Mercury and Pallas, is accelerated two, the 
ethereal rtiedium must increase in density toward the 
sun. The comet in question wa^ discovered by }/[, 
Biela at Jbhannisberg on the 27th of February, 1826, 
and ten days afterward it was seen by M. Gambart at 
Marseilles, who computed its parabolic. elements, and 
found that they agreed with those of the comets which 
had appeared in the years 1789 and 1795, whence he 
concluded them to be the same body moving in an 
ellipse, and accomplishing its revolution in 2460 days. 
The perturbations bf this eomet were computed by M. 
Damoiseau, who predicted that it would cross the plane 
of the ecliptic on the 29th of October, 1832, a little 
before midnight, "at a point nearly 18,484 miles within 
the earth's orbit; and as M. Olbers of Bremen, in 1805, 
had determined the radius of the comet's head to be 
about 21,136 miles, it was evident that its nebulosity 
would envelop a portion of the earth's orbit, ^a circum- 
staiice which caused some alarm in France,' from the 
notion that if any disturbing cause had dc^layed ^e 
arrival of the comet for one month, the earth must have 
passed through its head. M. Arago dispelled these 
fears by his excellent treatise on comets in the An- 
nuaire of 1632, where he proves, that as, the earth 
would never be nearer the comet than 18,000,000 
British leagues, there could be no danger of collision^ 
The earth is in more danger from these two smaU 
comets than from any other. Encke's crosses the ter*- 
restrial orbit sixty times in a century, and may^lti* 
mately come into collision; but both are so extremely 
rare, that little injury is to be apprehended. 

The earth. would fall to the sun in 64* days, if it 
were struck by a comet with sufficient impetus to do'^ 
stroy its centrifugal force. What the earth's primitive 
velocity may have been, it is impossible to say. There- 
fore a comet may have given it a shock without changing 
the aiis of rotation, but only destroying part of its tan- 
gential velocity, so as to diminish the size of the orbit-'-^-a 
thing by no means impossible, though highly improbable. 
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At bU eventSt there 14 no proof of this having occurred ; 
and it is manifest that, the axis of the earth's rotataon 

.has not been changed, because, as the ether offers. no 
sensible resistance to so dense a body as the earth, the 
libration would to this day be evident in the variation it 
must have occasioned in the terrestrial latitudes*, Sufi? 
posing the nucleus ^f a comet to have a diameter only 
equal to the fourth part of that of the earth, and that its 

^ peiihelion is nearer to the sun than we are ourselves, its 
orbit being otherwise. unknown, M. Arago has computed 
that the probability of the earth^eceiving a shock from 
it is only oue in 281 millionsi and that the chance of pur 
coming in contact with its . nebulqsity is about ten or 
twelve times greater. Only comets with retrogade mo- 
tions can come into direct collision with the ea^, and if 
the momentum were great the event might be fatal ; 
but in general the substance of comets is so rare, that it 
is likely they would not do much harmif they were to 
impinge ; and even then the mischief would probably be 
local, and the equilibrium soon restored, provided the 
.nucleus were gaseous, or very small. It is, howevev, 
more probable that the earth, would only be Reflected a 
little from its course by the approach 01 a cpmet, with- 
out being touched by it. The coniets that have oouae 
nearest to the earth were, that of the year 837^ which 
remained four d^ys within less than 1,240,000 leagues 
from our orbit ; that of 1770, which approached within 
about six times the distance of the moon. The cele- 
brated comet of 1680 also came very near to us ; and 

. the comet whose period is 61 years was ten times nearer 
the earth in 1B05 than in 1832, when it caused so much 
alarmu. 

Encke's and Biela's comets are at present fiur removed 
from the influence of Jupiter, but they will not always 
remain so, because the aphelia and nodes of. the orbits 
of these two comets being the points which approach 
nearest to the orbit of J^upiter, at each meeting of the 
planet and comets which shall take place there, the 
major axis of £ncke*s comet will be increased, ^md that 
of Biela's diminished, t'dl in the course of tsUne, when 
the .proximity has increased sufficiently, the orbits will 
be completely changed^ as that of Lexers was in 1770. 
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Every twenty-tbM yedr, or after seven r<evolutiou8 of 
Ei)cke*s comet, its greatest proximity to Jupiter takes 
place, and at that time his attraction increases the pe- 
riod of its revolution by nine days— a circumstance 
which tot)k place in the end of the years 1820 and 1843; 
But from the position of the bodies there is a diminution 
of three days in the sit following revolutions, which 
reduces the increase to six days in seven revolutions, 
"f hiis before the year 181,9, the periodic time of Encke's 
comet was 1204 days, and it was 1219 days ih accom^ 
plishing its last revolution, which terminated in 1845. 
By thi» progressive increase the orbit of the comet will 
reach that of Jupiter in seven or eight centuries, and 
then by the very near approach of the two bodies it will 
be completely changed. ^ 

At present the earth and Mercury have the most 
powerful influence on the motions of Encke*s and Biela's 
comets ; aiid have had for so long a time that, according 
to the computation of Mr. Airy, the present orbit of the 
latter was formed by the attraction of the earth, and 
that of Encke's by the action of Mercury. With ire- 
gard to the latter comet, that event must have taken 
place in February, 1776. In 1786 Encke's comet had 
both a tail and ^ nucleus, now it has neither ; a singula 
instance of the possibility ef their disappearance. 

Comets in or near their perihelion move with pro- 
digious velocity. That of 1680 appears to have gobe 
hidf round the sun in ten hours and a half^ moving at 
the rate of 880,000 miles an hour. If its enormous 
oentrifugal force had ceased when passing its perihe- 
lion, it would have fallen to the sun in about three 
minutes, as it was then less than 147,000 miles from his 
surface. -So near the sun, it would be exppsed to a heat 
87,500 times greater than that received by the earth ; 
and as the sun's heat is supposed to be in proportion to 
the intensity of his light, it is probable that a degree of 
heat so intense would be suflicieint to convert into vapor 
every terre&trial substance with which we are acquainted. 
At the perihelion distance the su^'s diameter would be 
seen from the comet under an angle of 73°, so that the 
sun^ viewed from the comet, would nearly cover the , 
whole extent of the heavens from the horizon to the 
Gg 
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zenith. As this comet is presmned to have a period of 
575 years, the major axis of its orbit must be so great, 
that at the aphelion the sun*s diaipeter would -only sub- 
tend an angle of about fourteen seconds, which is not 
so great by half as the diameter of Mars appears to us 
when in opposition. The sun would consequently im- 
part no heat, so that the comet would then be exposed 
to the temperature of the ethereal regions; which is 58° 
below the zero point of Fahrenheit. A body of such 
tenuity as the comet, moving with such velocity, must 
have met with great resistance from the dense atmos- 
phere of the sun, while passing so near his surface at 
its perihelion. The centrifugal force must consequently 
have been diminished, and tibe sun's attraction propor- 
tionally augmented, so that it must have come nearer to 
the sun in 1680 than in its preceding revolution, and 
would subsequently describe a smaller orbit. As -this 
diminution of its orbit will be repeated at each revolu- 
tion, the comet will infallibly end by falling on the sur^ 
face of the sun, unless its course be changed by the dis- 
turbing influence^ of some . large body in the unknown 
expanse of creation. Our ignorance of the actual den- 
sity of the sun's atmosphere, of the , density of the 
comet, and of the period of its revolution, renders it 
impossible to form any idea of the number of centuries 
which must elapse before this event takes place. 

The same cause may affect the motions of the planets, 
and ultimately be the means of destroying the solar sys- 
tem.' But, as Sir John Herschel observes, they could 
hardly all- revolve in the same direction round the sun 
for so many ages without impressing a corresponding 
motion on the ethereal fluid, which may preserve them 
from the accumulated effects of its resistance. Should 
this material fluid revolve about the sun like a vortex, it 
will accelerate the revolutions of such comets as have 
direct motions, and retard those that have retrograde 
motions. 

The comet which appeared unexpectedly in the be- 
ginning of the year ] 843, was one of the most splendid 
diat ever visited the solar system. It was in the con- 
stellation of Antinous in the end of January, at a dis- 
' tance of 115 millions of miles from the earth, aad it 
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passed through its perihelion on the 27th of February, 
when it was lost in the sun^s rays; but it began to be 
visible about the 3d of March, at which time it was near 
the star Iota Cetae, and its tail extended toward the 
Hare. The brightness of the comet and the length of 
its tail continued to increase till the latter stretched far 
beyond the constellation of the Hare toward a point 
al^ve Sirius. Stars were distinctly seen through it, 
and when near perihelion the comet was so bright that 
it was seen in clear sunshine in the United States 
like a white cloud. The motion Was retrograde, an4 
, on leaving the solar system it retreated so rapidly at 
once from the sun and earth that it was soon lost sight 
of for want of light. On the Ist of April it was between 
the sun and the earth, and only 40 millions of miles from 
the latter ; and as its tail was at least 60 millions of 
miles long, and 20 millions of miles broad, we probably 
'passed through it without being aware of it. There is 
some discrepancy in the different computations of the 
elements of the orbit, but in the . greater , number of 
cases the i>erihelion distance was found to be less than 
the semidiameter of the^ sun, so that the comet must 
have grazed his sui'face, if it did not actually impinge 
obliquely on him. 

The perihelion distance of this comet differs little 
from that of the great comet of 1668, which came so 
near the sun. The motion of both was retrograde, and 
a certain resemblance in the two orbits makes it.pi*oba- 
ble that they are the same body performing a revolution 
in i75 years. 

Though already so well acquainted with the motions 
of comets, we know nothing of then* physical constitu- 
tion. A vast number, especially of telescopic comets,, 
are only like clouds or masses of vapor, often without 
tails. , Such were the comets which appe.ared in the 
years 1795, 1797, and 1798. But the head commonly 
consists of a concentrated mass of light, like a planet,, 
surrounded by a very transparent atmosphere, and the 
whole, viewed with a telescope, is so diaphanous, that 
th^ smallest star may be seen even through the densest 
part of the nucleus ; in general their solid parts, if they 
have any, are so minute, that they have np sensible 
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diamet^, like that of the comet of 1811, \rhich ap* 
peared to Sir William Herschel fike a luminous point 
in tiie middle of the nebulous matter. The nuclei^ 
which seemed to be fprmed of the denser strata of that 
nebulous matter in successive coatings, are sometimes 
of great magnitude. Those comets which ^ame to the 
sun in the years 1799 and 1807, had nuclei whose di- 
amc^ters measured. 180 and 275 leagues respectiyely, 
and the second comet of 1811 had a nucleus of 1350 
leagues in diameter. 

it must however be stated, that as comets are gene- 
rally at prodigious distances from the earth, the solid 
parts of the nuclei appear'like mere points of light, so 
minute that it impossible to measure them wifir any 
kind of accuracy, so that the best astronomers often 
differ in the estimatiim of their size, by one-half of the 
whole diameter, ^ The transit of a comet across the sim 
would afford the best information with regard. to the 
nature of the nuclei. It was computed that such an 
event was to take place in the year 1827 ; unfortunately 
the sun was hid by clouds from the British astronomers, 
but it was examined at Viviers and at Marseilles at the 
time the comet must have been projected on its disc, 
but no spot or cloud was to be seen, so that it mrust 
have had no solid part whatever. The nuclei of many 
comets which seemed . solid and brilliant to the naked 
eye have been resolved into mere vapor by telescopes 
of high powers; in Halley's comet there was no sohd 
part at alll 
y The^ nebulosity immediately round the nucleus is so 
diaphanous that it gives little light; but at a small dis- 
tance the nebulous matter becomes suddenly brilliant, 
so as to look like a bright ring round the body. 
Sometimes . there are two or three of these luminous 
concentric rings separated by dark intervals, but they 
are generally incomplete on the part next the taiL s. 

These annular appearances are an optical effect, 
arising from a succession of envelops of the nebulous 
matter with intervals between them, of which the first 
is sometimes in contact with the nucleus and sometimes 
not. The thickness of these bright diaphanous coatings 
in the copets of 1799^ and 1807 were about 7000 and 
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10,000" leagues respectively ; and in the first comet of 
1811, the luminous ring was 8000 leagues thick, anil 
the distance between its interior surface and J^he center 
of the head was 10,000 leagues. The latter com6t was 
by much the most brilliant that has been seen in mod- 
em times ; it was first discovered^ in this country by Mr. 
James Vietch of Inchbonny, and'was observed in all its 
changes by Sir. William Herschel and M. Olbers. To 
the naked eye, the head had the appearance of an ill- 
defined round mass of light, which was resolve^ into 
sevefal distinct parts when viewed ~ynth. a telescope. 
A very brilliant interior circular mass of nebulous mat- 
ter was surrounded by a black space having a parabolic 
form, very distinct from the dark blue of the sky. This 
dark space was of a very appreciable breadth. ' Exterior 
to the black interval Uhere was a luminous parabolic 
contour of considerable thickness, which was prolonged 
on each side in two diverging branches, which formed 
the bifid tail' of the comet. Sir William Herschel found 
that the brilliant interior cii'cular mass lost the distinct- 
%esst)f its outline as he increased the magnifying power 
of. the telescope, and presentefd the appearance of a 
more and more diffuse mass of greenish or bluish-green 
li^t, whose intensity decreased gradually, not from the 
center, but from an eccentric brilliant speck, supposed 
to be the tnily solid part of the comet. ^ The lunimous 
envelop was of a decided y6llow, which " contrasted 
strongly with the greenish tint of the interior nebulous 
massi , Stars were nearly veiled by the Tuminous eij- 
velop, while, on the contrary. Sir William Herschel saw 
three, extremely small stars shining cleai^ly in the Mack 
space, which was singularly transparent. -As the en- 
velops were fornied in succession s^ the comet ap- 
proached the sun, Sir William Herschel conceived them 
to be vapors raised by his heat at the surfi^ce of the 
nucleus, and suspended round it like a vault or dome by 
the elastic force of an extensive and highly transparent 
atmosphere. In coming to the sun, the coatings began 
to form when the comet was as distant as the orbit of 
Jupiter, and in its return they very soon entirely van- 
ished ; but a new one was formed after it had retreaied 
OS &r as the orbit of Mars, which lasted for a "few days. 
23 oo2 
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Indeed, popiets in general arc subject to sudden tind 
violent convulsions in their interior, 6ven :wiien far from 
the sun,; which produce changes that are visible at enor- 
mous distances, and baffle all attempts at eitplanation, — 
probably .arising from electricity, or even causes with 
which we are unacquainted. The envelops surrounding 
the nucleus of the comet/on the aide next to thesun, 
diverge on the opposite side, where they are prolonged 
into the form. of a hollow cone, which is the tail. Two 
repulsive forces seem to be concerned in producing 
this effect ; one from the comet and anpther from- the 
sun, tlie latter being the nlost powerful . The enyelops 
are nearer, the center of the cpmef on the side nfext to 
i^he sun,* where these forces are opposed to one an- 
other: but on the other side the forces conspire to 
form the tail, conveying the nebulbus -particles to enor- 
mou's distances, 

f The lateral edges of the tail reflect more light than 
the central part, because the line of vision passes through 
a gi'eater depth of nebulous matter, which produces the 
effect of two streams somewhat like the aurora* Stars 
shine with undiminished lustre thrdtigh the central part 
of the tail, be<?ause their rays traverse it perpendicularly 
to its thickness ; but though distinctly seen through its 
.edges, their light is weakened by its oblique transmis- 
sion. The tail of the great comet of 1811 was of won- 
derful tei^uity ; sitars which would have^ beea entirely 
concealed- by the slightest fog, were seen through 64,000 
'leagues of nebulous matter without the smallest refrac- 
. tion. Possibly some part of the change§L in the appear* 
ance of the tails arises from rotation. Several comets 
have been observed to rotate about an axis passing 
through ti^e center of the talk That of 1 825 performed 
its rotation in ^Q^ hours, and the rapid changes in the 
luininous sectors whioh issued froqi the nucleus of Hal- 
ley's comet, in all. probability were owing to rotatory 
motion. 

The two streams of light which form the edges of the 
tail, in most cases unite at a greater or less distance from 
the nucleus, and are generally situate in. the plane, of 
the orbit. . The tails follow., comets, in their descent 
toward the- sun, but precede them in thioir return, . witb 
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a amaU degi'eeof curvature; their apparent extent and 
form vary according to the positions of the orbits with 
regard to the ecliptic. In some cases, the taifhas beeii 
at right angles to the line joining the sun and comet. 
The curvature is in p«trt owing to the resistance of the 
ether, and partly to the velocity of the comet being 
greater than that of the particles at the extremity of its 
tail, which lag behind. The tails are generally of enor- 
mous lengths ; the comet pf 1811 had one no less than 'a. 
hundred millions of miles in length, and those whicloL 
appeared in the years 1618, 1680, and 1769, had tails 
which extended respectively ()ver 104, 90, and 97 de- 
grees of space. Consequently, when the heads of these 
comets were set, a portion of the extremity of their tails 
was still in the zenith. Sometimes the tail is divided 
into several branches, like the comet of 1744, which had 
six, separated by dark intervals, each of them about 4° 
broad, and from 30^ to 44° long. They were probably 
iFormed by three hollow cones of the nebulous oiatter 
proceeding from the different envelops, and inclosing one 
another with intei-vals between ; the lateral edges of 
these cones would give the appeai'cince of six streams of 
light. The tails do not attain their full, magnitude till 
the comet has left the sun. When comets, first appear, 
they resemble round films of vapor with little or no tail* 
As they approach the siiii, lliL^y ]iirn'jk;^r in brilliancy, 
and their tail in length* till they arp io>t iji his rays,; and 
it is not till they eraerjTt^ {'rum t\m &iillh more vivid light 
that they assume tfieii^ iiill ?ipk'niJor. They then grad- 
ually decrease, their tail^ dimmish, and they disappear 
nearly or altogether beibrn thoy iit-a beyond the sphere 
of telescopic vision. Many eometa iuve uo tails,, as for 
example Encke's comet, uud thai dLsijnvGred by M. Biela, 
both of -which are smbU eiphI insiguiricmit objects. The 
comets which appeared in the years 1585, 1763, and 
1682, were also wit)iout tails, though tiie latter is re- 
corded to have been as bright as Jupiter. The matter 
of the tail must be extremely buoyant to precede a body 
moying with such velocity ; indeed the rapidity of its 
ascent cannot be accounted for. It has been attributed 
to that power iu the sun which produces those vibrations 
of ether which constitute light: but as this theory will 
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not account for the comet of 1824, which is said to have 
had two tails, one directed toward the snn, and a very 
short one diametrically opposite to it, our ignorance on 
this subject must be confessed. In this case the repel- 
ling power of th^ coinet seemd to have been greater than 
that of the sun. Whatever that unknown power may 
be, there are instances in which its effects'fire enoi*mousv 
for immediately after the great comet of 1680 had passed 
its perihelion, its tail was 100,000,000 miles in length, 
and was projected from the comet's head in the short 
spaco of two days. A body of such extreme tenuity as 
a comet is most likely incapable of an attraction power- 
ful enough to recall matter sent -to such an enormous 
distance ; it is therefore in all probability scattered in 
space, which may account f6rj;he rapid decrease ob- 
served in the tails of comets every time they return to 
their perihelia. Should the great comet of 1843 prove 
to be the- same with that of 1668, its tail niust have di- 
minished considerably. 

It is remai'kable that although the tails of comets in- 
crease in length as they apjproach their pelrlhelia, there 
is reason to believe ^ that the real diameter of tbd head 
contracts on coming near the sun, and expands rapidly 
on leaving him. Hevelius first observed this phenome- 
non, which Encke*s comet has exhibited in a very ex- 
traordinary degree. On the ^8th of October, 1828, this 
comet was about three times as far from the sun as it 
was on the 24th of December, yet at the first date its 
apparent diameter was twenty-five times greater than at 
the second, the decrease being progressive. M. Valz 
attributes the circumstance to a real condensation of vol- 
ume from the pressure bf the ethereal medium, whi9h 
increases most rapidly in density toward the surface of 
the sun, and forms an extensive atmosphere around him. 
It did not occur to M. Valzj however, that the ethereal 
fluid would peneti'ate the nebulous matter instead of 
Compressing it. Sir John Herschel, on the contraiy, 
conjectures that it may be owing to the alternate con- 
version of evaporable. materials in the upper regions of 
the transparent atmosphere of comets into the states of 
visible cloud and invisible gas fey the eflfects "of heat and 
cold ; or that some of the external nebulous envelops 
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may come into view when the comet arrives at a darker 
part of the sky, which were overpowered by the supe- 
rior light of the sun while in his vicinity. The first of 
these hypotheses he considers to be perfectly confirmed 
by his observations on-Halley's comet, made at the Cape 
of Good Hope, after its return from the sun. He thinks^ 
that in all probability the whole comet, except the dens- 
est part of its nucleus, vanished and was reduced to a 
transparent and invisible state during its passage at 'its 
perihelion, for when it first came into view after leaving 
the sun it had no tail, aild its aspect was completely 
changed. A parabolic envelop soon began to appear, 
and increased so^ much and so rapidly that its augmenta- 
tion was visible to thie eye. This increase continued till 
it became so large and so faint, that at last it vanished 
entirely, leaving only the nucleus and a tail, whicH it had 
again acquired, but which also vanished, so that at last 
the nucleus alodb remained. Not only the tails, but the 
nebulous:part of comets diminishes every time they re- 
turn to their perihelia ; after frequent returns they ought 
to lose it altogether, and. present the appearance of a 
fixed oq^eus : this ought to happen sooner to comets of 
short periods. . M . de la P(ace supposes that the comet of 
1682 must be approaching rapidly to that state. Should 
the substances be altogether, or even to a great degi'ee,, 
evaporated, the comet would disappear forever. Possi- 
bly comets may have vanished froni our view sooner than 
they w-ould otherwise have done from this cause. 

If comets shine by borrowed light, thtey ought, in 
certain positions, to exhibit phases like the moon ; but 
no such ajinMaraDce has been detected except in one 
instance, wnen they are said to haye been observed by 
Hevelius and La Hire in the year 1682. In generalj 
the light of comets is dull — that of the comet of 1811 
was only equal to the tenth part of the light of the full 
moon — ^yet some have been brilliant enough to be visible 
in full daylight, especially the comet of 1744^ which wfll 
seen without a telescope at one o'clock in the afternoon, 
while the sun was shining. Hence it may be inferred 
that, although some cometo maybe altogether diaphanous, 
others seem to possess a io^id mass resembling a^ planet. 
But whether they shine by their own or by reflected 
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light has never been satisfactorily, made out till no^. 
Even if the light of a cornet were polarized, it would 
not afford a decisive-^test, since a body is capable of re- 
flecting light though it shines by its own. • M. Arago, 
however, has with great ingenuity discoTtered a method 
of ascertaining this point, independent both of phases 
and polarization. 

Since the rays of light diverge from aluminous point, 
thtey wijl be scattered over a greater space <as the dis- 
tance increases, so that; the intensity of the light on a 
screen two feet from the object, is four timea less thaii 
at the distance of one foQt ; three feet from the object- 
it is nine times less, and so .on, decreasing in intensity 
as the squares of the distances increase; Ad' a self- 
luminous surface consists of an infinite number of lumi- 
nous points, it is clear that the greater the 6xterit of sur- 
face, the more intense will be the -light; whence it may- 
be concluded that the illuminating power of such a sur- 
face is proportional to its^ extent^ and decreases inversely 
as the squares of the distances. Notwithstanding this, 
a self-luminous surfi^^e, plane or curved, viewed through 
a hole in a plate of metal, is bf.the same brilliancy at all 
possible distances as long as it subtends a sensible angld, 
because, as the distance i^icreases, a gpeater portion 
comes into view, and as the augmentation of surface is 
as the square of the diameter of the part seen through 
the hple, it increases as the squares of the distances. 
Hence, though the number of rays from any one point 
of the surface which pass through the hole, decreases 
Inversely as the squares of t^he distances, yet, a's thb 
extent of surface which conies int0 view increases also 
in that ratio, the brightness of the object is the same to 
the eye as long as \t has a sensible diameter. For ex- 
ample — Uranus is about nineteen times iarther from the 
sun than we are, so that the sun, seen from that planet, 
must appear like a star with a diameter of a hundred 
Seconds, and must have the same brilliancy to the inhab- 
itants-^that he would have to us if viewed through a 
small circular hole having a diameter of a hundred sec- 
onas. For it is obvious thal^ light comes from every 
point of the sun*s surface to Uranus, whereas a v^ry 
small portion of his disc is visible through the hole ; so 
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that extent of surface exactly compensates distance. , 
Since^ then, the visibility of a self-luminous object does 
not depend upon the angle it subtends as long as it is 
of sensible magnitude,, if a comet shihes:by its own light, 
it should retain its brilliancy as long as its diameter is of 
a sensible magnitude ; and even after it' has lost an ap- 
parent diameter, it ought to be > visible, like the fixed 
stars, and should only vanish m consequence of exti*eme 
remotepeas. That, however,^ is far from being the case 
— comets gradually h^ome dim as their, distance in- 
crea^s, and vanish merely from loss of light, while 
they still retain a sensible diameter, which is proved by 
observations made the evening before they, disappear. 
It may therefore be concluded, that ,eoha.et» shine by 
reflecting the sun's light. The most^ brilliant comets 
Jjaye hitherto ceased to be visible when about five times 
as' far froni' the sun as we are. Most of the comets 
that Uave been visible from the eaHh have their peri- 
helia within the orbit of Mars, because they are invisibly 
when as distant as the orbit of Saturn :. on .that account 
there is not one on record whose, perihelion is situate 
beyond the orbit of Jupiter. Indeed, the comet of 1756, 
after its last appearance, remained five whole years 
within the ellipse described by Saturn Without being 
once seen. More than a hundred and forty comets 
.have appeared within the earth's orbit during the last 
century th^^t have not again been s^en. i. If a thousand 
years be allowed as the average period of e^ch, it may 
b.e computed, by the theory of probabilities^ tha^t the 
whole number . which . range within the earth's orbit 
^must be 1400; bi:<t Uranus being about nineteen times 
more: distant, there may be no less than 11,200,000 
comets that come within the. known extent of our sys- 
tem. M. Arago mantes a different estimate : he con- 
siders that, as thirty comets a^'e known . to have their 
perihelion distance within th© orbit of Mercury, if it be" 
assumed that comets are uniformly distributed in space, 
the nun^ber having their perihelion within the orbit of 
Uranus must be to thirty as the cube of the. radius- of 
the Qrbit of Uranus tQ the cube of the radius of; the " 
• orbit. of Mercury, which makes, the number of .comets 
fimount to 3,529,470. But that number may be doubled, 
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if it be considered that, io consequence of daylight, fogs, 
and great southern decUnation,^ one comet out of two 
must be hid frota. us. According to M. Arago, more 
than seven millions of comets frequent the planetmy 
orbits. ' 

The different degrees of velocity with which the 
planets and comets were originally propelled in space is 
the sole cause ,pf l^e diversity in the form of their orbits, 
which depends only upon the mutual relation between 
the projectile force and the sun's attraction. 

When the two forces are exactly equal to one another, 
circular motion is produced ; when the ratio of the pro- 
jec^tile to the central force is exactly that of 1 to the 
square root of 2, the ipotion is parabolic ; any ratio be- 
tween these two will cause a body to move in an ellipse, 
and any ratio greater than that of 1 to the square root of 
2 will produce hyperbolic motion (N. 222). 

The celestial bodies might move in any -one of these 
four curves by the law of gravitation ; but as one par- 
ticular velocity is necessary to produce either circular or 
parabolic motion, such motions can handily be supposed to 
exist in the solar system, where the bodies are liable to 
such mutual disturbances as would infallibly change the 
ratio of the forces, and cause them to move in ellipses 
iu the first case, and hyperbolas in the otiier. On the 
contrary, since every ratio between equality and that of 
1 to the square root of 2 will produce elliptical motion^ it 
is found in the solar system in all its varieties, from that 
which is nearly circular, to such as borders on the para- 
bolic from excessive ellipticity. On tixis depends the 
stability ' of the system ; t&e mutual disturbanees only 
cause the orbits to become more or Jess eccentric with- 
out changing their nature. 

Fot tiie same reason the bodies- of the solar system 
might have moved in an infinite variety of hyperbolas, 
since any ratio of the forces, greater than. 'that which 
causes parabolic motion, will make a body move in one 
of these curves. Hyperbolic motion is however veiy 
rare ; only two cotaiets appear to move in orbits of that 
nature, those of 1771 and 1824 ; probably all such coni- 
ets have already come to their perihelia, and conse- 
quently will never return. 
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The ratio o£ the forces which fixed the nature of the 
celestial orbits is thus easily explained.; but the circum- 
stauces which determined these ratios, which caused 
some bodies to move nearly in circles and others^ to 
wander toward the limits of the solar attraction, and 
which made all th^ heavenly bodies to rotate and re- 
volve in the sam^ dh'ectioa, must have had their origin 
in the primeval state of things ; but as it pleases the 
Supreme Intelligence to employ gravitation alone in the 
maintenance of this fair syGTtem, it may be presumed to 
have presided at its creation. 
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The Fixed Stan — ^Theijr Numbers — ^Estimation of their Distances and 
Magnitudes from their Light — Stars that have vanished — New Stars- 
Double- Stars — Binary and Multiple Systems — Their Orbits and Period* 
— -Orbitual and ParaUact^c Motions — Colors — Proper Motions — General 
Motions of all^he Stars— Clusters— NebuloB — Their Number and J'orms 
— Double and Stellar Neba]» — Nebulous Stars — ^Planetary Nebale— 
Constitution of the Nebulae, and Forces which maintain them — ^Distribu- 
tion — Meteorites — Shooting Stars. 

Great as the humber of comets appears to be, it is 
absolutely nothing when compared with the multitude of 
tile fixed stars. About 2000 only are visible to the 
naked eyev but when we view the heavens with a 
telescope, their number seems to be limited only- by the 
imperfection of the instrument. lu one hour Sir Wil- 
liam Herschel estimated that 50,000 stars passed through 
the field of his tflfescope,. in a zone of the heavens 2° in 
breadth. This, however, was stated as an instance of 
extraordinary crowding ; but, on an average, the whole 
^ expanse of the heavens must exhibit about a huudced 
millions of fixed stars- within Che reach of telescopic ^ 
vision. 

The stars are classed according to their apparent ^ 
brightness, and the places of the most remarkablei of 
those visible to the naked eye are ascertained with 
great precision, and formed into a catalogue, not only 
for the determination of geographical position^ by their 
occultations, but to serve as points of reference for 
marking the places of comets and other celestial phe** 
Hh 
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rDomeDa. The whole number of stars registered amouots 
to about 150;000 or 200,000. The distance of the fixed 
stars is too great to admit of their exhibiting a sensible 
disG ; but in all probability^ they are sphepical, and must 
certainly be so if gravitation pervades, all space, which it 
maybe presumed to do, since Sir John Herschel has 
shown that it extends to the binary systems- of stars. 
With a fine telescope- the~^ stars appear like a point of 
light ; their ocpaltations by the moqn are therefore 
instantaneous.- Their twinkling arises from sudden 
changes in the refractive, powers of the air, which wodld 
not be sensible if they had discs like the planets. Thus 
We can learn nothing 6f the relative distances of the 
stars from us, and from one another, by their apparent 
diameters. The annual parallax of all but a very few 
being insensible, shows we must be more than two 
hundred millions of millions of miles at least from them; 
Many of them, however, must be vastly more, remote ; 
for. of two stars that appear close together, one may be 
far beyond the -other in, the depth oP space. The light 
of Sinus, according to the observations of Sir John 
Herschel, is 324 times greater than that of a star of the 
^ixth magnitude ; if we suppose the two to be really of 
the siame size, their distances from' us must be in the 
ratio 0^57*3 to 1, because light diminishes as the square 
of the distance of the luminous l>ody increases. 
r- Nothing is known of the absolute magnitude of the 
fixed stars, but the quantity of light emitted by ibany 
of them shows that they must he much larger than the 
sun. Dr. Wollaston determined the af»proximate ratio 
which the light of a Wax candle bears to that of the sun, 
moon, and stars, by comparing their respective images, 
reflected from small glass globes filled with mercury,, 
Vjrhence a comparison was established betweeu the 
quantities of light emitted by the celestial bodies them-, 
selves. By this method he found that, the light of the 
sun is about twenty millioqs of millions of times greater 
than that of Sirius, the brightest and one of the nearest 
of the filled stars. Since the parallax of ^irius is about 
half a second, its distance from the earth must be 592,200 
times^ the distance of the sun from the earth ; and 
therefore Sirius, placed where the sun is, would, appear = 
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to US to be 3*7 times a^ large astte siin, and' would give 
13*8 times more light. Many of' the fixed stfirs mustbe 
infinitely larger than Sirius. ." 

Many stars have vanished from the heavens ; the 

. star 42 Virginis seems to be of this number, having been 
missed by Sir John Herschel on thd 9th of May, 1828, 
and not again found, ^though he frequently had occasion 
to observe that part of the heavens. Sometimes stars 
have all at once^ appeared, shone with' a bright light, 
and vanished. Several instances of these temporary 
stars are on record ; a remarkable instance occurred in 
the year 125, which is said to have induced Hipparchus 
to form the first catalogue of s^rs. Ari'other star ap- 
peared suddenly nfear a^Aquilae in the year 36^9, which 
vanished, after remaining for three weeks as bright as 
Venus. On the 10th of October, 1604, a brilliant star 
burst forth iqt the constellation of Serpentarlus, which 
continued . visible for a year; and a more i^cent case 
occurred in the year 167X), when a* new star was discov- 
ered 4n the head df the Swan, which, after becoming 
invisible, reappeared, and having undergone many varia- 
tions in light, vanished after two years, and has never 
since been seen.' -In 1573 a star was discovered in Cas- 
siopeia, which rapidly increased 1n brightness till it eveh 
surpassed that of Jupiter ; it then gradually diminished 
in splendor, and having exhibited all the variety of tints 
that indicate the changes of combustion, vanished sixteen 
months after its discovery, without altwing its position. 
It is impossible to imagine anything more tremendous 
than a conflagration that could be visible at such a' dis- 
tance. It' is hbwever su^pc^cted that this star may be 
periodical, and identical with tJie stars whifch appeared 
in the years 945 and 1264. There are probably many 
stars which alternately vanish and reappear among the 
innumerable multitudes that spangle the heavens; the, 
periods of several have already been pretty well ascer- 

' tained. Of these the most Remarkable is the star Orai- 
cron, in the consteliation. Cetus. It appears about twelve 
times in eleven years, and is of variable brightness, some- 
times appearing like a star of the second magnitude; 
but it does not always "attain the same lustre,- nor does 
it increase or diminish by the same degrees. Accord- 
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ing to Hevejios, it did not appear at all for fiynr years. 
7 Hydrae' also vanishes and reappears every: 494 days : 
and a very BiDgnlar instance of periodicity is given by- 
Sir John Herschel, in the star Algol or /3 Persei, which 
is described as retaining the- sizo of a sta^ of the second 
magnitude for two days and fonrteen honrs; it then 
suddenly begins to diminish in splendor, and in aboat 
three hoars and a half is reduced to the size of a star 
of the fourth magnitude ; it then begiaa-again to increase, 
and in three hours and a half more regains its usual 
brightness, going through all these^ vicbsitudes in tvvo 
days, twenty hours, and forty-eight minutes. . aX^assi- 
opeiae is also periodical, accompliBhing its change in 225 
days : the period of the star 34 Cygni i».18 years ; and 
Sir John Herschel has discovered v«iy singular vaiia- 
lions in the star .9 of the constellation Argo. It is*' sur- 
rounded by a wonderful nebula, and from a star of little 
more thav the second magnitude it suddenly inareased 
between the years 1837 and 1838 to be a first-rate star 
of the first magnitude. At the lattelr period it was equal 
to Arcturus, and its brilliancy was theti so great as to 
obfiterate some of the details of the surrounding nebula. 
Afterward it decreased to .the first magnitude, and then 
began to increase again. §ir John has also discovered 
Jth^ a Orionis may now be classed among the variable' 
and periodic stars, a circumstance the more remarkable, 
as it is one of the conspicuous stars of our hemisphere, 
and yet its changes had never been rvnarked. Tbe 
inferences Sir John draws from the phenomena of vari- 
able stars are too interesting not to be given in his own 
words. " A periodic change existing to so great an ex- 
tent in «o large and brilliant a star as a Qrionis, cannot 
fail to awaken attention to the subject, and to revive the 
consideration of those speculations respecting the possi- 
bility of a change in the lustre of qur sun itself which 
were put forth by^ my father.. If there really be a coqi- 
munity of nature between the sun and fixed stars, every 
proof that we obtain of the extensive prevalence of such 
periodical changes in those remote bodies adds to tlie 
probability of finding something of the kind nearer home;. 
If our sun were ever intrinsicsJIy i&uch brighter than at 
present, the mean temperature of the siH^ace of our 
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globe wouid .of course be proportionally greaten I speak 
now not of periodical but secular changes. But the ar- 
gument is complicated with the consideration of the 
possibly imperfect transparency of the celestial spaces, 
and with the ca|ise of that imperfect transparency which 
may be due to material non-luminous particle^ diffused 
irregularly in patches analogous to nebulae, but of greater 
extent — ^to cosmical clouds iti short — of whose existence 
we have, I thinkr.-some indication in the singular and 
apparently capricious phenbmena of temporary stars, 
and perhaps in the recent extraordinary sudden increase 
ian^ 'Kaitily le^s sudden diminution of ij ArgusJ' . Mr. 
G(^driciMA has conjectured that the periodical changes 
in the stars may be occasioned by the revolution of some 
opaque body comiig between us and the star, and ob- 
struieling part of its light. Sir John Herschel is struck 
with the high degree of activity evinced by these changes 
in regions where, ** but for such evidences, ^e might 
-conclude all to be lifeless." He observes that our own 
sun requires nine tidaes the period of Algol to perform 
a revolution on its own axis; while on the other hand, 
the periodic time of an opaque revolving body sufficiently 
large to produce a similar temporary obscuration of the 
sun, seen from a fixed star, would be less than fourteen 
hours. 

Many thousands of stars that seem to be only brilliant 
•points, when carefully examined are found to be in 
reiSIty systems ^if two or more suns, sometimes revolving 
about a common center. These binary and multiple 
stars are extremely remote, requiring the most power- 
ful telescopes to show them separately. The first cat- 
alogue of double .stars, in which their places and relative 
positions are determined, was accomplished by the tal- 
ents and industry of Sir ^William Herschel, to whom 
Astronomy is indebted for so many brilliant discpveries, 
and with whom the. idea of their combinaddn in binary 
and multiple systems originated — an idea completely, 
established by his own observations, and recently con- 
firmed by those of his son and other astronomers. The 
motions of revolution of many of these stars round a 
common center have beeii ascertained, find their periods 
determined with considerable accuracy. Some have* 

ttBa 
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since thefir^ first discavery,. already accomplished nearly 
a whole revolution ; and one, n Coronae, is actuajily con- 
siderably advanced in its second period. These, inte- 
resting systems thus present a species of sidereal chro- 
nouaeter, by which the chronology of the heavens wiU 
be marked out to future agest by epochs of their- own, 
liable to no fluctuations from such planetary disturbances 
as take place in-our system. - 

In observing the relative position of! the stars of* a bi> 
nary system, the distance between them, and also the 
angle of position, that is, the angle which the meridian 
or a parallel to the equator makes with the line, joining 
the two stars, are measured. The different values of 
the angle of position show whether th^ revolving star 
moves from east to west, or the conti:ary ; whether the 
motion be uniform or variable, and at what points it is 
greatest or least. The measure's of the distances show 

-whether the two stars approach or recede. from one 
another. From these the-form and taature of the orbit 
are cletermined. Were observations perfectly accurate, 
four values of the angle of position and of thecorre- 
4spondidg distances at given epochs would be sufficient 
to assign the form and position of the curve described 
by the revolving star t this, however, scarcely- eyer 
happens. The accuracy of each result depends upoh 
taking tho meati of a* great number of the best observa- 
tions, and eliminating error by mutual couiparison. The 
distances between the stars are so minute that they can- 
not be measured with the same accuracy as the angles 
of position ; therefore, to determine the orbit of a star 
independently of the distance., it is necessary to assume 
as the most probable hypothesis, that the stars are sub- 
ject to the \hw of gravitation, and consequently that one 
of the two stars revolves in an elhpse about the other, 
supposed to be at rest, though not necessarily in the fo- 
cus. A curve is thus constructed graphically by means 
of the angles of position and the (Corresponding times of 
observation. The angular velocities of the -stars are 
obtained by drawing tangents to this cui*ve at stated ii^ 
tervals, whence the apparent distances, or radii vectores, 

.of the! revolving star become known for each angle o^ 
position ; because, by the laws of elliptical motion, they 
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are equal to the square roots of the apparent angular 
velocities. Now that^ the angles o_f position estimated 
.from a given line, and the corresponding distances of the 
two stars, are known, another curve may be drawn, 
which will represent on paper the actual orbit of the 
star projected on the visible surface of the he»vens ; so 
that the elliptical elements of the true orbit and its posi- 
tion in space may be determined by a combined system 
of measurements and computation^ . But as this orbit 
has been obtained on the hypothesis that giavitation 
prevails in .these distant regions, which could not* be 
known a priori^ it mustJbe eompaied with as many 
obserVsltions as can be obtained^ to ascertain how far the 
computed ellipse agrees with thecuiTe actually described 
by the star. 

By this process Sir John Herschel has discovered 
that seyeral of these systems of stars are subject to the 
same laws of motion With'our system of planets : he has 
determined the elements of their elliptital orbits, and 
computed the periods of their revolution. One of the 
stars of 7 Virginis revolves about the other in 629 years ; 
the periodic time of a Coronae is 287 years ; that of 
Castor is 253 years ; that of c Bootes is 1 600 ; that of 
70 Ophiuchi is-ascertained by Professor Encketo be 80 
yeai:s ; Professor Bessel has ascertained the period of 
61 Cygni to be 640 years ; and M. Savary, who has the 
merit of having ^first determined the elliptical elements 
of the orbit of a binary star ftom observation, has shown 
that the revolutiop of C Ursae is completed in 58 years. 
y Virginis consists of two stars of nearly the same ma|r- 
pitude. They were so far apart in the beginning aira 
middle of the last century, that they were mentioned by 
Bradley and marked in Mayer's catalogue as two distinct 
stars. Now, they are so near to one another, that even 
with good telescopes they look like a single stai* some- 
what elongated. A seiies of observdtions, since the 
beginning, of the present century, has enabled Sir John 
Herschel to determine the form and position of the el- 
liptical orbit of the revolving star with extraprdinaiy 
truth. According to his computation, it must h^\e ar- 
rived at its perihelion on the 18th of August of the year 
1 834. The actual proximity of the two stars must theQ^ 
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have been extreme, and the apparent angular velocity 
80 great that it might have described an angle of 68° in 
A single year. Obseipeations made at the Cape of Good 
Hope, by Sir John Hersehel, as well as those of Captain 
Smyth, R. N., at home, correspond in proving an aug- 
mentation of velocity as the star was appronching its 
shortest distance from its primary. By the laws of el- 
liptical motion, the angular velocity of the revolving star 
njust now gradually <]iminish, till it comes to its aphelion 
some 314 years hence. The satellite star of ff Coronge 
attained its perihelion in 1835, and that of Castor will do 
th« same some time in 1855. 

It sometimes happens that the edge of the orbit of & 
revolving star is presented to the earth, as in tt Serpen- 
tarii. Then the star • seems to move in a straight line, 
' and to oscillate on each side of its primary. Five ob- 
servations are requisite in this case for the determina- 
tion of its orbit, provided theyl>e accurate. At the time 
Sir William Hersehel obsei-ved the system in question, 
the two stars- were distinctly separate: at present, one 
is so completely projected on the other, that M. Struve, 
with his grjBat te^scope, cannot perceive the smallest 
separation. , On tKfe contrary, the two stars of C Orionis, 
which appeared to be one in the time of Sir WiUiam 
Hersehel, are now separated. Were this libration owing 
to parallax, it would be annual, from the revolution of the 
earth ; but as years^elapse before it amounts to a sensi- 
ble quantity^ it can only arise from a real orbitual motion 
seen obliquely. Among the triple stars, two of theaters of 
C Cancri revolve about the third . There are also quadra- 
pie star^, and there are even assemblages of five and six 
stars, as B and a of Orion. It is reniarked that, in gen- 
eral, the ellipses in which the revolving stars of binary 
systems move, are much more elongated than the orbits 
of the planets. Sir John Hersehel, Sir James South, 
and Professor Struve of Dorpat, have increased Sir 
William Herschel's original catalogue of double stars to 
more than 6000, of which thirty or forty are known to. 
form revolving or binary systems ; and Mr. Dunlop has 
formed a catalogue- of 253 double stars in the southern 
hemisphere. To this Sir John Hersehel haer added 
many ; but he has found that the southern hemisphere 
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is poorer than^ the northern in close double stars above 
the t6nth magnitude. He observes, tJiat if Mr. Dunlop*s 
measures can be depended upon, 6 Eridani is perhaps 
tJie most remarkable of all the binary' systems in the 
heavens. The revolution of the satellite star being at 
the rate %P 10°'67 per annum, it consequently must 
accomplish a revolution in a little more than thirty years. 
The motion of Mercury is more rapid than that of any 
other ptanet, being at the rate of 107,000 mUes an hour; 
the perihelion velocity of the comet of 1680- was no less- 
than 880,000 miles an hour ; but if the two stars of 6 
Eridani-or ^ UrssB be as remote from one another as the 
nearest fixed . star is from the sud, the velocity of the 
revolving stars must exceed the powers of inmgination. 
The discovery of the elliptical motion of the double stars 
excites the highest interest, since it shows that gravita-^ 
tion is not peculiar to our system of planets, but that 
systems of suns in the far distant regions of the uni- 
verse are also obedient to its laws. 

Besides revolutions about one ' another, some of the ' 
binary systems are carried forward in space by a nation 
common to both stars, toward some unknown point in 
the firmament. ' The two stars of 61 Cygni, which" are 
nearly equal, and have. remained at the distance of about 
15" from each other for fifty years, havechanged their 
place in the heavens during that period, by 4' 23", with 
a motion which for ag6s must a]jpear rectilinear: be- 
cause, even if the path be curved, so small a portk>n of 
it must appear a straight line to us. The single stars 
also have proper motions, yet so minute that the trans- 
lation of ^ Cassiopeiae, of 3"*74 annually, is the greatest 
yet observed : but the enormous distances of the stars 
make motions appear small to us which are in reality 
very great. Sir William Herschel conceived that, 
among many irregularities, the 'motions of the stars have 
a general tendency toward a point diametrically oppo- 
site to that occupied by the star C Herculis, which he 
attributed to a motion of the solar system in the contrary 
direction. Should this reidly be the case, ■ the stars, 
from the effects of perspective alone, would seem to 
diverge in the direction to which we are tefidiugt and 
would apparently converge in the space we leave, and 
24 
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there vould be a regularity in these apparent motioas 
which would in tinae be detected ; but if the solar sys- 
tem and the whole of the stars visible to us be carried 
forward in space by a motion common to .alU Uke ships 
drifting* in a current, it would be impossible for us, 
moving with the rest,^o ascertain its direction. - There 
can be no doubt of the progressive motion of the. sun and 
stars, but sidereal astronomy is not far enough advanced 
to determine What relations these bear to one another ; 
•it will however be known in the course of time from the 
orbits of th«i revolving stars of the binary systems. For 
if the solar system be in motion, some of the stellar 
orbits which, by the effects of perspective, appear tQ us 
to be' straight lines, willj after a time, open and become 
elliptical by our change of place ; while others which 
now appear to be open will close, or open wider ; stars 
also which now occultate, or hide one another in certain 
points of their-orbits, will, in time^ cea^se to do so. The 
directions and magnitude of these changes will no doubt 
'show the motion of our system, to what point it is tend- 
ing, and the velocity with which it moves. 

Among the multitudes uf small stars, whether double 
or insulated, a few fire found near enough to exhibit 
distin<^t parallactic motions, arising from the revolution 
of the earth in its orbit. Of two stars apparently in 
close approlMmation, one m^y be far. behind the other in 
space. Thes^ may seem near to one another when 
viewed from the earth in one part of its orbit, but may 
sepai'ate widely when seen from the earth in another 
positioh, just as two terrestrial objects appear to be. one 
when viewed in the same straight line, but separate as 
the observer changes his position. In this case tne stars 
would not have real, btit only apparent motion. One of 
them would seeni to oscillate annually to and fro in a 
straight" line on each side of the other — a tnotion which 
could not be mistaken fot that of a binary system, 
where one star descriltes an ellipse about the other, or, 
if the edge of the orbit be turned toward th» earth, 
where the oscillations require years for tlieir accom- 
plishment, f. ^ 

This metiiod of finding the distances of the fixed stars 
waa proposed by Galileo, and attempted by Dr. Long 
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without success. Sir William Herschel afterward ap^ 
plied it to some of the binary groups ; and though he. 
did not find the thing he sought for,- it led to' the dis- 
covery of the orbitual motFons of the double stars. 

Though the absolute distance of most of the^tars is 
still a desideratum, a limit has been fpund under which, 
probably, none of them come. It was naturcU to sup- 
pose that in genei-al the large stars are nearer to the 
earth than the small ones ; but there is now reason to 
believe that some stars, though by no means brilliant, 
are nearer to us .than others which shine with greater 
splendor. This is inferred from the comparative ve- 
locity of their motions. All the stars have a general 
motion of translation, which tends ultimately to mix the 
stars of the different* constellations, but .nont)' that we 
know of moves so rapjdly as 61 Cygni ; and on that 
account it^ is reckoned to be nearer to us th&n any 
other, for an -object seems to move more quickly the 
nearer we are to it. Thi» circumstance induced MM. 
Arago and Mathieu to endeavor to determine its an- 
nual parallax, that is, to ascertain what magnitude the di- 
ameter of the earth's orbit would have as seen from the 
star, and from that to compute its distance from the 
earth (N. 2*23). This has been accomplished with more- 
accuracy by M. Bessel, who has found by observation, 
that the diameter of the earth's orbit of 1©0 millions of 
miles would be seen from the star under an angle of 
only one- third of a second, whence 61 Cygni must be 
592,200 times faithsr from the earth ,t^an the ^un is,-- 
. — a distance Which light, flying at .the rate of 190,000 
miles in a second, would not pass over in lessi than 
nine years an4 three months. . 

The appai'ent motion of five seconds annually which 
this star has, sterns to us to be exti-emely small, but at that 
distance* an angle of one second corresponds to twetity- 
four millions of millions of miles ; consequently the an- 
nual motion of' 61 Cygni is.ont hundred and twenty 
miUiom of millions of miles, and yet, as M. Arago ob- 
serves, w^ call it a fixed star ! 

Erom the observations of Professor Henderson it ap- 
pears that Sirius, the brightest star in the heavens, has 
a paraitox of less than the third of a second ;^ coBse- 
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c]uently it is at a greater distaDce than 61 Cygni : that 
of a Centanri amounts to a second of space, so that it is 
nearer the earth than any star that is known : whereas 
Mr. Airy has foond that the parattax of a Lyrae is al- 
together inappreciable; and as this is generally the case 
with the fixed stais, we may conclude that their dis> 
ttuices ar^ beyond the hope of mensuration. 

All the ordinary methods fdil when the distances are 
so enormous. An angle e^en of two or three seconds, 
viewed in the focus of our largest telescopes, does not 
equal the thickness iif^i spider's thread, which makes it 
impossible to measvn^ such minute quantities with any 
degree of accuracy. - Fn some cases, however, the bi- 
nary systems of stars furnish a method of estimating an 
angle of even the tenth of a second, which is thii^ 
times more accurate than by aigr other means. From 
them the actual distances of some of the md^ remote 
stars will ultimately be known. * 

Suppose that one star revolves ttbout another in ah 
orbit which. is so obliqui^ seen fi-om the eai^ as to 
look like an ellipse in a hoiizontal 'position, then itTia 
clear that one half of the orbit will be nearer to us tha« 
the other half. Nqw, in consequence of the time whhch 
light takes to^ trav^1,^we always see the satellite star in 
a place which it Inis already left. Hence when that 
star sets out from the point of its orbit which is nearest 
to us, its light will take more and mbre tikbe 'to conie to 
us in proportion as the star m^es ;round to the ■ most 
distant point in its orbit. On tlntt account the star will 
appear to us to take more time in moving through tlfst 
half of its orbit than it really dees. Exactly' the conr 
trary takes place in the q^^r ftalf: for the light will 
take less and less time to arrlre at tlie earth in propor- 
tion as the star approaches nearer to us, stid therefore 
it will seem to move through this half of its orbit in less 
time than it really does. This circumstance furnishes 
the means of finding the absolute breadth of the orbit ill 
miles, and from that the true distance of the star from 
the earth. For, since the greatest- and least distances 
of the sat^te star from the earth differ by the breadth 
of its orbit, the time which the star takes to move from 
the nearest to the remotest point of its orbit is greater than 
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it ought to be, by the whole time its light takes, to cross 
the orbit, and the period of moving through the other 
half is exactly as much less. Hence the difference be* 
tween the observed times of these two semi-revolutions 
of the star is equal to twice the time that its light em- 
ploys to cross its orbit ; and- as we l^ow the velocity of 
light, the diameter of the orbit may be found in mikte, 
and ii'om that its whole diraeiJsions^ For the position of 
the orbit with regard to us fe known by observation, as 

^ well as the place, inclinatiod, and apparent magnitude 
of its major axis, or, which is th» fame thing, the angle 
under which it is seen from th« earth. Since, then, 
three things are known in this great triangle, namely, 
the base or major axis of the orbit in miles, the angle 
opposite to it at the AKrth, and the angle it makes with 
the visual ray ; the distance of the satellite star from the 
earth may be found by the most simple of calculations. 
The merit ollf haying first proposed this very ingenious 

- method of finding the distances of the stars is due to M. 
Savaryt but unfortunately it iifnot of general japplication, 
as it*depends «pon the position' of the orbit, and even 
jthen a long time must elapse before observation can fur- 
nish data, *since the shortest period of any revolving star 
that wfe Whpw of is thirty years : irtiB the distances, of a 
vast nuiiiber of stars may be ultimately made out in this 
way ; .and as cme importiant discovery almost always leads 
to .another, llteir, masses may thus be weighed again&t 
that of tha earth or sun. 

> ' The only data einplayfed for finding the mass of the 

» effith, as compared with that of the sun, are the angular 
motion of« our* globe rottnd the sun in a second of time, 
and the distance of ,the eartlf from the sun in miles ^N. 
224). Now by the ob«erVfttions of the binary systems, 
we know the angular velocity oi the small star round 
the great one ; and when we know the distance between 
the two stars in miles, it will be easy to compute how 
many nailes the small star would fall through by the at- 
traction of the great one in a second of time. A compar- 
ison of this space with the space which the earth would 
descend through in a second toward the sun, will give 
the ratio of the mass of the great star to that of the sun 
o^earth, 

Ii 
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If it be considered that all the double stars appear sin- 
gle to the naked ey6, and with ordinary instruments, 
and that it requires the highest powers of the tery best 
telescopes to separate the greater number of them, the 
extreme beauty of the ingenuity and refraction necessary 
to draw such profound results from their motions may 
be in some degi'ee -appreciated. 

The double stars are of various hues, but they most 
frequently exhibit the contrasted colors. The large star 
is generally yellow, orange, or red; and the smaH star 
blue, purple, or green. Sometimes a white star is com- 
bined with a blue or purple, and more rarely a red and 
white are united. In many cases, these appearances 
are due to the influence of contrast on our judgment of 
colors. For example, in observing a double star, where 
the large- one li a full ruby red, or almost blood color, 
and the small one a fine green j the latter loses its 9olor 
wheu f;he former is hid by the cross wires of the tele- 
scope. ' But there are a vast number of instances where 
the colors are too strongly marked^ to be merely imagi- 
jSjary. Sir John Herschel observes in one of his papers 
in the Philosophical Transactions, as a very remarkable 
fact, that, although red stars are common enough, no 
example of a solitary blue, green, dr pui-ple one has yet 
been produced. ' 

The stars are scattered very irregularly over the fir- 
mament. In some places they are ei-owded together, in 

, others thinly dispersed. A few groups more closely 
condensed form very beautiful objects even to the naked 

' eye, of which the Pleiades and the^ constellation Coma 
^ereni'c^s are the most striking examples ; but the 
greater number of these clusters of stars appear to un- 
assisted vifiion like thin white clouds or vapor : such 
is the milky vray, which, as Sir-William Herschel- has 
proved, derives its brightness from the diffused light of 
.the myriads of stars that form it. Most of these stars 
appear to be.extrfemely small, on account of their enor- 
mous distances ; and they are' so numerous, that, ac- 
cording to liis estimation, no fewer than 501,000 passed 
through tlie field of his telescope in the course of one 
hour in a zone 2° broad. This singular portion of the 
heavens, constituting part of our firmament, consists of 
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an extensive mass of stars, whose thickness is sn^all com- 
pared with its length and breadth ; the esirth is placed 
near the point where it diverges into two branches, and 
it appears to be much more splendid in the Southern 
hemisphere than in the Northern. Sir John Herschel 
says, " The general aspect of the Southern circumpolar 
re2;ions (including in that expression 60° or 70° of ^outh 
polar ^iBtance) is in a high degree rich and magnificent, 
owing to the superior brilliancy and large development 
of the milky way, which, from the constellation of Orion 
to that of Antinotis, is a blaze of light, strangely in- 
terrupted, however, with vacant and entirely starless 
patches, especially in Scorpio, near Alpha Centauri and 
ihe Cross, while to the north it fades away pale and 
dim, and is in comparison hardly traceable. I think it is 
impossible to view this splendid zone, witk the astonish- 
ingly rich and evdnly distributed fringe of stars 6f the 
3rd and 4th magnitude, which fOrms ^ broad skirt to its 
southern border like a vast curtain, without an impres- 
sion amounting almost to conviction, that the milky way 
is not a mere stratum, but annular, or at least that our 
system is j)laced within one of the poorer or almosr* 
vacant parts of its general mass, and that eccentrically, so 
as to be much nearer lb the region about the Cross, than 
to that (iiametrically opposite to it." The cluster, of 
which our sun is a member,' and which includes the 
milky way, and. all the stare that adorn pur sky, must be 
of enormous extent, since the sun is more than two hun-" 
dred thousand times farther from the nearest of them 
than he is from the earth ; and the other stars, though 
apparently so close together, are probably separated from 
one, another by distances equally gi-eat. In the intervals 
bet weed the stars of our own system and far in the depths 
of space, many clusters of stars may be seen like white 
clouds or round comets \f ithout tails, either by unassisted 
vision or with ordinary telescopes ; but, seen with pow- 
erful ibstruments. Sir John Herschel describes them as 
conveying the idea of a globular space insulated in the 
heavens and filled full of stars, constituting a family or 
-society apart from the rest, subject only to its own in- 
ternal lawls. To attempt to*^ count the stars in one of 
these globular clusters, he says, would be a vain task, — 
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timt they are not to be reckoned by bnndreds : — ota ^ 
rough computation, it appears thalrinany clusters of this 
descriptioD must contain ten or twenty thousand stars 
compacted «nd wedged together iU^ a round space, 
whose area is not more than a tenth part of that covered 
by the moon; so that its center, where the stars are 
seen projected on each other, is one bku^ of ligbt 
- (N. 225). If each of these stars be a sim, and if they 
be separated by intervals equal to that which separates 
our sun from the nearest fixed star, the distance which . 
readers the whole cluster barely visible to the naked eye 
must be so ^eat, that the existence of this splendid as- 
'%emblage can only be known to us by light which must 
have. left it at least a thousand years ago. Occasionally 
clusters are so irregular and so undefined in their outline 
as merely to suggest the idea of a richer part of the 
heavens. These contain fewer stars than the globular 
clusters, and sometimes a red star forms a conspicuous 
object among themw Sir William Herschel regarded 
them as the rudiments of globular clusters in a less ad- 
vanced state of condensation, but tending to that form 
by their mutual atti'action. 

IVIultitudes of nebulous spots are to be seen on the 
cl^r vault of heaven, which have every appearance of 
' being clusters like those described, but are too distant to 
b^ resolved into stars by the most excellent telescopes. 
Vast njijunbers also .appear to be matter in the highest 
possible degree of rarefaction, giving no indication what- 
ever of a stellai" nature. These are An every state of 
condensation, from a vague filni) hardly to he discerned 
with telescopes of the highest powers, to such as seem 
to have actually arrived at a solid nucleus. This nebu- 
lous matter exists in vast abundance in space. No 
fewer than 2000 nebulae and clusters of stai-s were ob- 
served by Sir William Herschel, whose places have 
been computed from his observations, reduced to a com- 
mon epoch, and' arranged into a catalogue in order of 
right ascension by his sister. Miss Caroline Herschel, a 
lady eminent for astronomical knowledge and discovery. 
Six or seven hundred nebulae have already been ascer- 
tained in the southern hemisphere ; of these the Ma- 
gellanic clouds are the most remarkable. The nature 
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ilDi use of this nebulous matter, scattered over the 
heavens in sueh a Variety of forms, is involved in the 
greatest obscurity. That it is a self-lumii^ous, phos- 
phorescent, mat^al substance, in a higttly dilated or 
gaseous state, but gradually subsiding by the mutual 
granritation of its pai-ticles into stars and sidereal systems; 
is -die hypothesis most generally rex;eived. And indeed 
this is the hypothesis of La Place with regard to th« 
ori|;in of the solar system, which he conceived to be 
formed by the successive condensations of a nebula, 
whose primeval rotation is still maintained in the rota- 
tion and revolution of the sun and all the bodies of the 
solar system in the same direction. Even at this day 
there is presumptive evidence in the structure and in- 
ternaf heat of the earth, of its having been at one period 
in a gaseous state from intensely high temperature. 
But the only way that any real knowledge on this mys- 
terious subject can be obtained is by the determination 
of the form, place, and present state of each individual 
nebula; and a comparison of l^ese with future observa^^ 
tions will show generations to come the changes that 
may now be going on in these supposed rudiments of 
future systems. With this view, Sir John Herschel 
began in the year 1825 the arduous and pious ta«k qf 
revising his illustrious father's observations, which he 
finished a short time before he sailed for the Cape of 
Good Hope, in ord^r to disclose the mysteriipf of the 
southern hemisphere ; indeed, our .firmament seems to 
be exhausted till farther improvements in the telescope 
shall enable astronomeirs to penetrate deeper into «pace. 
In a truly splendid paper read before the Royal Society 
on the 21st of November, 1833, he gives the places of 
2600 nebulae and clusters of stars. Of these 500 are 
new, — the rest he mentions with peculiar pleasure as 
having been most accurately determined by his fatiier. 
This work is the more extraordinary, as from bad 
weather, fogs, twilight, and moonlight, these shadowy 
appearances are not visible, on an average, in England, 
above thirty nights in the year. 

The nebulae have great variety of forms. Vast multi- 
tudes are 80 faint as to be with difficulty discerned at all 
till they have been for some time in the field of the 
U2 
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telescope, or are j\ist about to quit.it. Occasionally 
they are so vagup that the eye is conscious of some- 
thing, without being abla to define what it is : but the 
unchangeableness of its position proves that it is a real 
object. Many present a large . ill-defined surface, in 
which it is difficult to say where the center of the 
greatest brightness is. Some cling to stars like wisps of 
cloud. ; others exhibit the " wonderful appearance of an 
enormous flat ring seen very obliquely, with a lenticular 
vacancy in the center (N. 226). A very remarkable in- 
stance of a;n annular nebula is to be seen exactly half- 
way between /3 and y Lyrae. It is elliptical in the ratio 
of 4 to 5, and is sharply defined, the internal Opening oc- 
cupying' about half the diameter. This opening is not 
entirely dark, but filled up with a faint hazy light, aptly 
compared by Sir John Herschel to fine gauze stretched 
over a hoop, (N. 227). There is a very remarkable 
nebula in Orion, in which there is some reason to believe 
that a new star has recently Appeared. Two nebulae 
are described as most amazing objects : — One like a 
dumb-bell or hour-glass pf bright matter, surrounded by 
a thin hazy atmosphere, sp as to give the whole an oval 
form, or the appearance of an oblate spheroid. This 
phenomenon' bears no resemblance to any knowh object 
(N. 228). The other consists of a bright round nucleus, 
surrounded at a distance by a nebulous ring split through 
half its circumference, and having the split portions sep- 
arated at an angle of 45° each to the plane of the other. 
This nebula bears a strong similitude to the milky way, 
and suggested to Sir John Herschel the idea of a 
** brother system bearing a real physical resemblance 
and strong analogy of structure to our own" (N. 229). 
It appears that double nebulae are not unfrequent, ex- 
hibiting all the varieties'bf distance, position, and relative 
brightness with their counterparts the double stars. The 
rarity of single nebulae as large, faint, and as little con- 
densed in the center as these, makes it very improbable 
that two such bodies should be accidentally so near as 
to touch, and often in part to overlap each other, as these 
do. It is much' more likely that they constitute systems ; 
and if so, it will form an interesting subject of future in- 
quiry to discover whether they possess orbitual motion. 
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Stellar nebulae form another class. These have a 
round or oval shape, increasing in density toward the 
center. Sometimes the matter is so rapidly condensed 
as to give the whole the appearance of a star with a blur, 
or like a candle shining through horn. In some in- 
stances the central matter is so highly and suddenly 
condensed, so vivid and shrtrply defined, that the nebula 
might be taken for a bright star surrounded by a thin 
atmosphere. Such are nebulous stars. . The zodiacal 
light, or lenticular-shaped atmosphere of the sun, which 
may be seen extending beyond the orbits of Mercury 
and Venus soon after sunset in" the months of April and 
May, is supposed to be a condensation of the ethereal 
medium by his attractive force, and seems to place our 
sun among the cliass of stellar nebulae. The stellar neb- 
ulae and nebulous 'Stars assume all degrees of ellipti6ity. 
Not unfrequently they are long and narrow, like a 
spindle-shaped ray, with a bright nucleus in the center 
(N. 230). The last class mentioned by Sir .Tohn Her- 
schel are the planetary nebulae. These bodies have 
exactly the appearance of planets, with sensibly round 
or oval discs, sometimes sharply terminated, at other ^ 
times hazy and ill-defined. Their surface, which is 
blue or bluish wJiite, is equable or slightly mottled, and 
their light occasionally rivals that of the planets in vivid- 
ness. They are generally attended by minute stars, 
which give th6 idea of accompanying satellites. These 
nebula are of enormous dimensions. One of them near 
V Aquai'ii has a sensible diameter of about 20", and 
another presents a diameter of 12". Sir John Her-r 
schel has computed that, if these objects be as far from 
ua as the stars, stheir real magnitude, on the Mwesf^esti- 
ination, must be such as would fill the orbit of Urarius. 
He concludes that, , if they be solid bodies -of . a solar 
nature, their intrinsic splendor must be greatly inferior 
to that of the sun, becaus«e a circular portion of the sun's 
disc,. subtending an angle of 20", would give a light 
equal to that of a hundred full moons; while on the 
contrary, the objects in question are hardly, if at all, 
visible to the naked eye. From the uniformity of 
the discs of the planetary nebulae, and * their want of 
apparent condensation, he presumes that they may 
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be hollow shells, only emitting light from their sur- 
&ces. ■ 

The existence of every degree of ellipticity in ihm- 
nebulae — fi^m long-lentiG^ar rays to- the exact circular 
form^ — and of every shade of cential condensation — ^froni 
the slightest increase of density . to mpparently a solid 
nucleus— may be accounted for by supposing the general 
constitutions of these nebulae to be that of oblate sphe« 
roidal masses of every de^ee of flatness, from . the 
sphere to. the disc, and of every variety in their density 
and ellipticity toward the centefr. It would be errone- 
ous, however, to, imagine that the forms of these sys- 
tems are maintained by forces, identical with those 
already described, which determine the forni of a fluid 
mass in rotation; because, if the nebulae be only clus- 
ters of separate stars, as in the greater number of cases 
there is every reason to believe them to be, no pressure 
can be~ propagated thrpugh^them. . Copsequendy, since 
no general rO|»tion of such a syst^em as one mass can 
be supposed, it may be conceived to be a quiescent form, 
comprising within its limits an indefinite multitude. of 
stars, each of which may be moving in an orbit about 
^e common center of the whole, in viirtue of a law of 
internal gravitation resulting from this compound gravi- 
tation ' of all its parts. Sir John Herschel has proved 
that the existence of such a system is not inconsistent 
with the law of gravitation under certain conditions. 

The distribution of the nebulae over the heavens is 
even mcfre irregular than that of the stars. In 9ome 
places they are so crowded together as •scarcely to allow 
one to pass through the field of the telescope before 
another appears, while in other parts hours elaps^with- 
outa single nebula occurring. , They are in general only 
to be .seen with the very biBst telescopes, and are most 
abundant in a zone whose general direction is not far 
from the hout circles 0^> and 12^, and which crosses the 
milky way nearly at right angles.. Where that zone 
crosses the constellations Virgo, Coma Berenice^, and 
the Great Bear, they are to be found in multitudes. 

Such is a brief ac(;ount of the discoveries contained 
in Sir John HerschePs paper, -which, for sublimity of 
views and patient investigntion; has not been surpassed. 
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To him and to Sir William Herschel wo owe almost all 
that is kQown of sidereal astronomy: and in the inimi- 
stable works 'c^ that highly gifted father and son, the 
readejr will find this subject treated of in a style alto- 
gether worthy* of it, and of them. 

Sir "John Hersdbiel has discovered some new and 
wonderful objects in the southern hemisph^r^ Among 
^others a beautiful planetary nebula, having a perfectly 
sharp, well defined disc of uniform brightness, exactly 
like a small planet with a satellite near its edge. Another 
is mentioned as being very extraordinary from its blue 
tint; but by far. the most singulai* is a close double star 
centrally involved in a n«bulous atmosphere. 

So numerous, are the objects which meet our view in 
the heavens, that we cannot Imagine a part of space 
where some light would not strike the eye ; — ^innumera- 
ble sta^, thbusands of double and multiple systems, clus- 
ters in one blaze with their 1»ns of thousands of stars, 
and the nebulae amazing us hy the strangeness of their 
forms and the incomprehensibility of their nature, till at 
last, from the limit of our senses, even thes6 thin and airy 
phantoms vanish in the distance. If such remote bodies 
shone by reflected light, we should be unconscious of. 
their existence. Each star must then be a sun, and may- 
be presumed to have its system of planets, satellites, 
and comets, like our own ;^ and, for aught we know,^ 
myriads of bodies may be wandering in space unseed! 
by us, of whose nature we can form no idea, and still 
Ic^ss of the part they perform in the economy of the 
universe. Even in our own system; or at its farthest, 
limits, minute bodies may, be revolving like the new 
planets, which are so smaU that their masses have hith- 
erto been inappreciable, and there may be many still 
snaaller. NOr is this an unwarranted presumption; 
. many such do come within the sphere of the earth's ' 
attraction, are ignited by the velocity with which they 
pass through the atmosphere, and are precipitated witii 
great violeneiB on the earth. The fall of meteoric stones 
is much more frequent than is generally believed. 
Hardly a year passes without some instances occurring ; 
and if it be considered that only a small part of the earth" 
is inhabited, it may be presumed that numbers &11 in 
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the ocean, or oa the uniohobltea part of the land, un- 
seen by man. .They are sometimes of great magnitude ; 
the volume of sevei'al has exceeded tin^t of the planet 
Ceres, which is about 70 miles in diameter. One which 
passed within 25 miles of us was estimated to weigh 
about 600,000 tons, and to mt)ve with a velocity of about 
20 mil6$ in a second — a fragment of jt alone reached 
the earth. T^e obliquity of the plescent of meteorites, 
the peculiar substances they are composed of, and the 
explosion accompanying their faU, show that they are 
foreign to our. system. Luminous spots, altogether in- 
"dependept of the phases, have occasionally appeared on 
the dark part of ijie moon ; these have been ascribed to 
the light arising from the eruption of volcanos ; whence 
it has been supposed that meteorites have been projected 
from the moon by the impetus of volcanic erujjtion. It 
has even been computed, that if a stone were projected 
from the moon in a v)brtical line^ with an initial velocity 
of 10,992 feet in a second— more than four times the 
velocity of. a baU when first discharged from a cannon — 
instead of falling back to the moon by the attraction of 
gravity, it. would come within the sphere of the earth's 
attraction, and revolve about it like a siUellite. These 
bodies, impelled either by the "direction of the primitive 
impulse, or by the disturbing action of the. sun, iiLight 
ultimately penetrate the earth's atmdsphera» aud arrive 
at its surface, but it is much mora probable that they 
are asteroids revolving about the suli, and diverted from 
their course by some disturbing force-; at alf" events, 
they must have a common origin, from tlie uniformity 
■ — we may alpiost say identity — of their chemical com- 
position. ^ ^ - 

Shooting stars and i meteors differ from aerolites in 
several respects. They burst from the clear azure sky, 
and darting along the heavens, are extinguished without 
leaving any residuum, except a vapor-like smoke, and 
generally without noise* Their parallax shows them 
to be very high in the atmosphere, sometimes even be- 
yond its suppdsed limit, and the direction of their motion 
is for the most part diametrically opposite to the motion 
of the earth in its orbit. The astonishing multitudes of 
shooting stars and fire-balk that have appeared within 
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these few years at statecJ periods over the American 
continent, and other parts of the globe, warrant the con- 
clusion that th^re is either a nebula, qr that there are 
. myriads -of bodies revolving iu groups round the sun 
which Only become visible when inflamed by entering 
our atmosphere. 

One of these nebulsB or groups seems to qKeet the 
earth in its annual revolution on the 12t1l and 13th of 
November. 

On the morning of the 12th of November, 1799, 
thousands of shooting stars, mixed with larg^e meteors, 
iUuminated the. heavens for many hours over the whole 
continent of America, from Brazil to Labrador : it ex- ' 
tended to Greenland, and even Germany. Meteoric 
showers were seen off thp coast of Spain, and in the 
Ohio country, on the morning of the 13th of No- 
vember, 1&31 ; and during many hours on the morning 
of the 13th November, 1832, prodigious multitudes ot* 
shooting stars and. meteors fell at Mocha on the Red- 
Sea, in the Atlantic, in Switzerland, and at many places 
in England. But by much the most splendid meteoric 
shower on recoi-d began at nine o^clock in the evening 
of the 12th of November, 1833, and lasted till sunrise 
next morning. It extended from Niagara and tho 
northern lakes of America to the.south of Jamaica, and 
from 61° of longitude in the Atlantic to 100° of longi- 
tude in central Mexico. Shooting stars and meteors, of 
the apparent size of Jupiter, Venus, and even the full 
moon, dftrted in myriads toward ^e horizon, as if eveiy 
star in the heavens had started from their spheres. 
They are described as having been frequent as flakes of 
snow in a snow-storm, and to have been seen with equal 
brilliancy over the greater part of the continent of 
North America. " 

Those who witnessed" this grand spectacle were sur- 
prised to see that every one of the luminous bodies, 
without exception, moved in lines which converged in 
one point in Xhe heavens : none <of them started from 
that point; but their paths, when tracM back\vard, 
met in it like rays in a focus, and the manner of their 
fall showed that they descended from it in nearly paral- 
lel straight lines toward the earth. 
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By far the mo$l €xtraorditiary part of the whole phe-r 
Dom^non is that this radiant point was obsei-ved to re- 
main stationary near the star y Leqnis' for more than 
two hours and a half, which p^ed the source of 'the 
meteoric slower to be altogether independent of the 
earth's rotation, and its parallax showed it to be far 
above the atmosphere. '^ * 

As a body could not be actually at resf in that posi- 
tion, the group or nebula must dither have been moving 
rouncl the eaith or th# sun. Had it been moving about 
the earth, the «Durse of the meteors wduld have beeiQ, 
tangential to its surface, whereas they fell almost per- 
pendicularly, so that the earth in it$ annual revolutioa 
J, must have met with the groupr The bodiOs or the^"^ 
parts of the neb;^la that wiere nearest must have been 
attracted toward the earth by its gravity, and. ks the^ 
were estimated to move at the rate of fourteen miles in 
a ' second, they must have taken fire on entering our 
atmosphere, and been consumed in thoir p^i^age thtough 
it. r ' "' ■ ' ' 

As all the circumstances of the phenomenon were 
similar oif the same day and during the sanie hours in 
1832, and as extraordinary flights of shooting stars wei*e 
seen at many places both in Europe and America on 
-the 13th of Novembef , 1834, 1835, and 1836, tendmg 
also from a fixed point ill the constellation Leo, it has 
been conjectured^ with much apparent probability, that 
this nebula or group of bodies performs its revolution 
round the sun in a period of about 182 days, in an ellip- 
tical Orbit, whose major axis is 119 millions, of miles ; 
and that its aphelion distance, where it cpm^s in contact 
wilh the earth's atmosphere, is.aboMtt 95 millions of 
miles, or n early 'iJhe same with the mean distance %f 
the eaith from the sun. This body nwst hftve met 
with disturbances after 1799, which prevented it from 
encountering the earth for 52* years, and it may again 
deviate from its path from Uio same cause. ^ 

As. early as the year 1833, Professor Olmsted, of 
Yale College in the United States of America, had con- 
jecturedvthat the phenomenon of shooting stars origi- 
nated in the zodiacal light, and his subsequent observa- 
tions, continued for three successive years, haye tended 
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to conftfm him in this opinion. He agrees with I<a 
Place in thinking that the zodiacal fight is a nebulous 

• body, revolving in the plane of the solar equator. In 
fact, this light stretches Jbeyond the earth's orbit, making 
an angle of about 74° with the plane of th|jf©cliptic, and 
acooi^fling to observation,' it is sometimes seen in the 
dawn,' and sometimes in the twilight, like an inferior 
planed. It was seen by Professor Olmsted for several 

^weekg [jrevioLy to the 13tU of NovBinlier^ ia the morn- 
ing ihiwii, with un clougsiHon (N, 231f of from 60'^ to 

, 90° vvi?*t of the aim. It tlieii by dt^gree^ withdrew from 
the luoialni^ skjs lind ii[j|>earfid iu thfl eveniuga im me- 
diate! ly nl'itsr twilight, rising like a pjruinid through the 
.const ellfttioijs CaprieomiiiS and A.quarina, to an elonga- 
tion of iiiortj UrAii LK)'^ efistward of the sun, A change* 
like rhis taking place nnrvually Eibout the 13th of Novem- 
ber, has led Lhw PruftissDr to believe that it is to the 
zodincal light we are imJebietl for those splendid exhibi- 
tions of fulling stiu"s which take place at that season. 

Tlio orbit ah'iTidy described is that which he fennerly 
assigned to this nebult>ua or cenietarj body, but he is 
now ijf opinion that it has a period of sjio me thing less 
than Si your, whii^h would not, ooly account for the shoot- 
ing utiivs of the VMh of November, but would ako ac- 
count for those that happen at aH seasons, and -for some 
very great showers of them IJiat have taken place on 
two riftNisions near the end of ApriL In the position 
niisigneil to ihk wrbit by Professor Olmsted^ showers of 
ahooting Htara may happen in November and April. 
Since the last edition of this book a very able memoir 
hm been published by M. Biot, in which that grien^ 
philosopher shtiWEi that in his opinion also, metepr)p 
fthowei'a ara owing to the ao^iacal light coming into pe- 
riodic eoflifict with the atmosphere of the earth. Which 
of thc'^o coijjectui'cs may be nearest the truth time alone 
can show ; but cartain ii is that the recurrence of this 
phenomenon at tlie same ieason for seven succesi||re 
yeai^s proves that it can arise from no accidental cause. 
25 Kk 
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• Section XXXVIII. 

'Diffusion of Matter througrh Space— Gravitation-— lis Velocity-cSHnplicity 
of its La^ivs^^Gravitatfon independent of the Magnitude and Distan-es of 
the Bodies — Not impeded by the Intervention of any Substance — Its 
Intensity invariable — General Laws — Recapitulation and Conclusion. ^ 

^The known quantity of matter beani a very small pro- 
portion to the immensity of space. Large as the bodies 
are, the distances which separate tjiem are immeasura- 
•J)ly greater ; but as design is manifest in eveiy part of 
creation, it is probable that if the various systems in the 
« universe had been nearer to one another, their mutual 
disturbances would have been inconsistent with the har- 
mony and stability of the whole. It is clear that space 
is not pervaded by atmospheric air, since its resistance 
would, long ere this, have destroyed the velocity of thd 
I^anets ; neither can, we affirm it to be a void, since it 
seems to be replete with ether, and traversed in all di- 
rections by light, heat, gravitation, and possibly by influ- 
ences whereof we can form no idea. ■ 

Whatever the laws inkj be that obtain in the more 
distant regions of creation. We are assured that one alone 
regulates the motions, not only of our own system, but 
also of the binary systems of the fixed stars ; and as 
general laws form the ultimate object of philosophical re- 
search, we cannot conclude these remarks without con- 
sidering the nature of gravitation— that extraordinary 
power, whose effects we have, been endeavoring to trace 
fhrough some, of their mazes. It was at one time im- 
agined that the acceleration in the moon's mean motion 
was pccasioned by the successive transmission of the 
gravitating force. It has been proved, that in order to' 
produce this effect, its velocity must be about fifly mill- 
ions *of times greater than ^that of light, which nies at 
the rate of 200,000 miles in a second. Its action, even 
at the distance of the sun, may therefore be regarded^ 
as instantaneous ; yet so remote are the nearest of the 
fixed stars, that it may be doubted whether the sun has 
any sensible influence on them. 

The curves in which the celestial bodies move by thfb 
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force of gfavitation are only lines of <be second order. 
The attraction ef spheroids, according to any other law 
of force than that of gravitation, would be much more 
complicated j and as it is easy to prove that matter might 
have been moved according to att infinite variety of laws, 
it may be concluded that gravitation must have been se- 
lected by Divine Wisdom out of an infinity tif others, as 
being the most simple, and that which gives the great- 
est stability to tbid celestial motions. ^ . 

It is a singular result of the simplicity of the laws of 
nature, which admit only of th^ observation and com- 
parison of ratios, that the gravitation and theory of the 
motions of the ijelestial bodies are independent of their 
absolute magnitudes and distances. Consequently, if alV « 
the bodie^ of the solar system, their mutual distances, 
and their velocities, were to diminish proportionally, they 
would describe curves in all respects similar to^ those in 
which they now move ; and the system might be snc- 
cessively reduced to the smallest sensible dimensions, 
and still exhibit the sarrle appearances. We learn- by 
experience that a very different law of attraction pre- 
vails when the particles of matter are placed within in- 
appreciable distances from each other, as m chemical 
and capillary attraction, the attraction of cohesion, and 
molecular repulsion, yet it has been shown that in all 
probability not only these, but even gravitation itself, is 
only a particular case of the still more general principle 
of plectric action. 

The action of the gravitating force 4s^not impeded by 
the inteirention even of the densest substances. If the 
attraction of the sun for the center of the earth, and of 
the hemisphere diametrically opposite to him, were di- 
minished by a difficulty in penetrating the interposed 
■matter, the tides would be more obviously affected. Its 
attraction is the same also, whatever the substances of 
the celestial bodies may be ; for if the action of the sun 
upon the earth differed by a millionth part from his ac- 
tion upon the moon, the difference would occasion. a 
periodical variation in the moon's parallax, whose maxi- 
mum would be the Jy of a second, and also a variation in 
her longitude amounting to several seconds, a supposi- 
4kmi proved to he impossible, by the agreement of theory 
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with observation. Thus all matter is pervious to gravi- 
tation, and is equally attracted by it. 

Gravitation is a feeble force, vastly inferior to electric 
action, cheniical affinity,' and cohesion ; yet as far as 
human knowledge extends, the intensity of gi'avitation 
has never varied within the limits of the solar system ; 
nor does even analogy lead lis to expect that it should : 
on the contrary, there is every reason to be assured that 
the Igreat laws of the universe are imi^utable, like their 
Author. Not only the sun and planets, but the mi- 
nutest particjes, in all the varieties of their atti*actions 
and repulsions, — nay, even the imponderable matter of the 
electric, galvanic, or magnetic fluid, — are all obedient to 
permanent laws, though we may not be able in eveiy case 
to resolve their phenomena into general principles. Nor 
can we suppose the structure of the globe alone tcy be 
exempt from the universal ^at, though ages may pass 
before the changes .it has undergone, or that are now in 
progress, can be referred to existing causes with the 
same certainty with which the motions of the planeta, 
and all their periodic and secular variations, are refera- 
ble to the law of gravitation. The traces of extreme 
antiquity perpetually occurring to the geologist give that 
infoi-mktioD, as to the origin of things, in vain looked for 
in tke other parts of the universe. They date the be- 
ginning of titiie with regard to our system ; since there 
is ground to believe that the formation of the eai-th was 
contemporaneous with that of the rest of the planets^ 
bat they show that creation is the vfork of Him with 
whom ^^ a thousand years are as one day, and one day 
as a thousand years." 

In the work now brought to a conclusion, it has been 
necessary to select from the whole circle of the sciences 
a few of tike most obvious of those proxiniate links which 
connect them together, and to pass over innumerable 
cases > both of evident and occult alliance. Any one 
branch traced through its ramifications would alone have 
occupied a volume ; it is hoped, nevertheless, that the 
.view here given will suffice to show the extent to which 
a consideration of the reciprocal influence of evdn a feW 
of these subjects may ultimately lead. It thus appeatB 
that the theory of dynamics, £>un(Jed upon terrestriiy 
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ph6h6meha, is mdi^jifendable for ii'cq«it!ng a knowledge, 
of the reVo]utidns;6f the Celestial bodies and their recip- 
rocal influences'.' The motions of the satellites are af- 
fected" by tlie forms of their primaries, and the figures 
of the planets themselves depend upon their rotations. 
The syranietiy of their internal structure proves the 
stability of these rotatory motions^ and the immutability 
of the length of the day, which furnishes an invariable 
standard of time ; and the actual size of the terrestrial 
spheroid affords the means of ascertaining the dimensions 
of the solar system, and provides an invariable forinda- 
tion (br u systeintif woightH rinsl nieiiusiires. Th& nn.itual 
attracriuD of the celestial bodies disturbs the fluids at 
their fturfacea, whence rh*^ theuiy of tlia I idee* and of the 
oscilliitions of the atmosphere. The density and elns- 
ticity of the air, varying with ctvery alTernatitia of tom- 
perarnrc^ lead tti the considei-atioii of barometrical 
changes T the measurBment of ht^ight^r n\n\ capillar}^ at- 
traction ; ant! th(^ doctrine of Boundt including the theory 
of niii^lc, IS to bo I'Rforred to the small undulations of 
the Ei«rial raediunt. A knowledge of the action of mut- 
ter ^i|]on light is requisite for tmcinj^ tho curved [)ath of 
its rav.s tln-ou^^h the atmosphere, by which the true 
places of distant objects are determined whether in the 
heavens or on the earth. By this we leM*n the nature 
and properties of the sunbeam, the mode of its propaga- 
tion through the ethereal fluid, or in the interior of ma- 
terial bodies, and the origin of color. By the eclipses of 
Jupiter's satellites, the velocity of light is ascertained ; and 
that velocity, in the aberration of the fixed stars, 'fiir- 
nishes the only direct proof of the real motion of the 
earth. The effects of the invisible rays of light are im- 
mediately connected with chemical action ; and heat, 
forming a part of the solai* ray so essential to animated 
and inanimated existence, whether considered as invisi- 
ble light or as a distinct quality, is too important an agent 
in the economy of creation, not to hold a principal place 
in the connection of physical sciences. Whence follows 
its distribution in the interior and over the surface of the 
globe, its power on the geological convulsions of our 
planet, its influence on the atmosphere and on climate, 
and its eflect^t on vegetable and animal life, evinced in 
kk2 
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the localities' of organized beings on the earth, in the 
'vvBters, and in the air. The connection of heat witd 
electrical phenomena, and the electricity of the atanos-- 
phere, together \^ith all ita energetic effects, its identity 
with magnetism and the phenomena of terrestrial po- 
larity, can only be understood from the theories of these 
invisible agents, and are, probably, identical with, or at 
least the principal causes of, chemical affinities. Innu- 
merable instances might be given in illustration of the 
immediate connection of the physical sciences, i^ostof 
which are united still more closely by the conunon bond 
of analysis, which is daily extending its empire, and will 
ultimately embrace almost every subject in nature in its 
formulae. 

These formulae, emblematic of Omniscience, condense 
into a few symbols the immutable laws of the universe. 
This mighty instrument of human power itself originates 
• in the primitive constitution of the human mind, and 
rests upon a few fundamental axioms, which have eter* 
nally existed in Him who implanted (hem in the breast 
of man when He created him after His own image. 



NOTES. 



Not* 1, page ±— Diameter. A straight line passing ibrougti the cel|^. 
ter, and terinlnnted both ways by the sides or surface of a figure, suchaa 
of a circle or sphere. In fig. l^^g Q,, N S, are diameters. 

Note % p^ 2. — Mathematical and mechanical sciences. Mathematics 
teach tlie iaws of number and quantity ; mechanics treat of the equi- 
librium and motion of bodleH. 

Note 3, p. 2. — Analysis is a series of reasoning conducted by signs or 
8ymt)ois of the quantities whose relations form the subject of Inquiry. 

Note 4, p. 3. — Oicillations are movements to and fro, like the swing- 
ing of the pendulum of a clock, or waves hi water. The tides are oscil- 
lations of the sea. 

Note 5, p. 3. — Oravitation. Gravity is the reciprocal attraction 6t 
matter on matter ; gravitation is the difference between gravity and the 
centrifugal force induced by the velocity of rotation .or revolution.. Sen- 
sible gravity, or weight, is a particular instance of gravitation. It is the 
force which causes substances to fall to the surface of the earth, and 
which retains the celestial UMi^^ i° their orbits. Its intensity increases 
as the squares of the distance decrease. 

Note 6, p. A.— Particles ofm.fftcr lira the iDderintEi'lj'Siiinll ar uJTjmaia 
atoms into v<^hich matter is belinvud to \m iUviiiit4e> ThS'ir farin U aft- 
known; but though too small td be vkslbJe, th«y uiuat h&vti iiiEjgnliuile, 

Note 7, p. 4.— A hollow sphert. A hoi I aw bttll, iiJtt> a bomU-slioJl* A 
sphere.is a ball or solid body, such, llmt alt lint^ dmwn ftoiri jk ti'otcr 
to^its surface are equaU They m^ ctUled ruilll, and e^'ery lliiL' ^^i^mg 
through the center and terminated both u-ay.^ Iiy the surfitde in j: tliiiniokT, 
which is consequently equal to cuiri? tlio niiUuii^. \n (ic. 3, Q ^ or i\ S iji 
a diameter, and C Q^ C N are radii. A \itKU\ elrc^Io of liw sphere hua i\m 
same center with the sphere u.^ ilie ci rcif s ilE^d aad Q i\ q S. Thtj 
circle A B is a lesser circle of tti'.' spliLvt' , 

Note 8, p. 4. — Concentric hollow spheres. Shells, or hollow spheres, 
having the same center, like the coats of an onion. 

Note 9, p. A,— Spheroid. A solid body, which sometimes has the shape 
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of an orange, as m fig. 1 ; it is then called on oblate s|)beroid, becauae it 
4b flattened at the poles N and S. Such *"• - " 

is the form of the earth and planets. 
*When, on the contrary, it in drawn out 
of the poles like an egg, as in fig. 2, it Is 
called a prolate spheroid. It is evident 
that in both these solids the radii Cq, C a, 
C N, &c., are generally unequal ; whexe- 
as in the sphere they are all equal. 

NoTK 10, p. 4,— Center of gravity. A 
point, in every hody, which if supported, 
the body will remain at rest in what- 2 f 
ever position it may be placed. About 
that point all the parts exactly balance 
>^ge another. The celestial bodies nt- 
tract each other as if each were con- 
densed into a single particle situate in 
tlie center of gravity^ or the particle situ- 
ate jp the center of gravity of each may 
be regarded as possessing the resultant 
power of the innumerable oblique forces ^hich constitute 'the whole 
attraction. of the body. 

NoTB U, pp. 4, 6.— Poi« and equator. Let fig. 1 or 3 represent the 
earth, C Its center, N C8 the "axis of rotation, or the imaginary line about 
which It performs its daily revolution. Then N and S are the north and 
poutli poles, and the great circle qEO, Which divides the earth into two 
equal parts, is the eqliator. The 
earth is flattened at the poles fig. 
1, the equatorial diameter, q CL, 
exceeding the polar diameter, N S, 
by about 26^4 miles. Lesser cir- 
cles, A B G, which are parallel to 
the equator, are circles or parallels 
of latitude, which is estimated is 
degrees, minutes, and seconds, 
north and ^outh of the equator, 
every place in the same .parallel . ^ 
having the same latitude: Oree.n- Av- 
wich ig in the parallel of 51O28'40". 
Thus terrestrial latitude is the an- 
gular distance l)etvveen the direc- 
tion of a. plumb-line at any place 
and the plane of the equator. 
Lines such as NQS. NG£S, 
fig. 3, are called meridians ; all th^ places in any one of these lines have 
noon at the same instant. The meridian of Greenwich has been chosen 
by the British as the origin of terrestrial longitude, wliichis esiimtted in 
degrees, minutes^ and seconds, east and west (if that line. If N 6 B S be 
the meridian of Greenwich, the position of anyplace, B, is determined,- 
when its latitude, d C B, and its longitude, EC Q, are known. 

NoTB 13, p. 4. — Mean quantities are such as are intermediate between 
others that are greater and less. The mean of any number of unequal 
quantitie»is equal to their sum divided by their number. For instimce, 
the mean between two unequal quantities is equal to^half their sum. 

NoTK 13, p. 4.— j9 certain m$an latitude. The attraction of a sphere on 
an external body is the same as if its mass were coliected'intoone heavy 

£ article in its center of gravity, and the intensity of its attraj^ion diinin- 
ihes as the square of its distance from the external body lavcaati. Bat 
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the attraction of a spheroid, fig. 1, on an external body at m in the plane 
of its equator, EQ. is greater, and its attraction on the same body when"' 
at m' in tiie axis N S less, than if it were a sphere. Tiierefore, in both^^- 
cases, the Ibrce deviates from the exact law of gravity. This deviation 
arises from the protuberant matter at the equator ; and as it diminishes 
ipward the poles, so does the attractive force of the spheroid. But there 
» one mean latitude, where the attraction of a spheroid is the same aa 
if it were a sphere. It is a part of the spheroid intermediate' between the 
equator and the pole. In that latitude the square of the sine is equal to 
\ of the equatorial radius. 

KoTE 14. p. 4.— Jtffidn diMtunePy The mc*ar» dbtiiDce of a pitknef froin 
the center of ihc fiiti. or of a sAti?ll]Lc from, the center of \ia p[Httf><t^ 1« 
tjqitHi m hiilf tha »mit of Hn irenl^t and lenHt ttiatmices, Hinci i^oaftcrqiieiitty 
ij equEil tu half the titiijci^r ajt.isi of \U i>rblt. For eKninplie. I^ft P Q A I>, 
fig. 0, be the wbkt nr pntJi of the mnoti or of a planet t then V A m the 
ruitjnr flHKirt. C the ct^nlcf, and i'^ H equal to CF. Now, sine* the earth 
or ihi' « bin in suppised Ui be in Lbfr iMilrti ^ according nji P D A Q jid reKHrdiid 
as ihe orbit of the moon or that of n pInnuL, S A, ii^ P are ihe preuieat and 
least dti^tnnrer-}. But halE thif (lani of S3 A and d P is (HjunI tolialfof A P, 
the iiinjor titl^f of the orbit. When the Ixuty i.^ itL U or ])« it H nt iis 
hieciti dUtance iroiu S, fnr S Q. Ji3 II nrc each pquEii to C P, half the major 
DJi:l9 by the natkire (if thi.' rHr>b't'. 

NoTB 15< p. A.—Mean radiua of the earth. The distance from the cen- 
ter to the surface of the earth, regarded as a sphere. It is intermediate 
between the distances of the center of the earth from the pole and from 
the equator. 

NoTB 16, p. 5,— Ratio. The relation which one quantity bears to 
another. . 

NoTK 17, p. 5.— Square of moon's distance. In order to avoid largo 
numbers, the mean radius of the earth is tiikenf for unity : then the mean 
distance of the moon is expressed by GO ; and the square of that number 
is 3600, or 60 times 60. 

Note 18, p. ^.-^Centrifugal force. The force with which Ift reyolving 
body tends to fly from the center of motion : a sling tends to fly from the 
hand in consequence of the centriAigal force. A tangent is a straight line 
touching a curved line in one point without cutting it, as mT, ^.4. The 
direction of the centrifugal force is j^^,v ^ 

in the tangent to the curved line or * ' 

path in which the bo<ly revolves; - « 

and its intensity increases with the 
angular swing of the body, and with 
its distance from the Cf ri^ler **^ mo- 
tion. As the orbit of tiio iihoriifi dnip^ 
not differ much from a clrcEe, let U 
be represented by m de- k. Q^. I, 
the earth being in C. The ceniil^ * 
fugal force arising front the velocit]^ 
of the moon in her orbit bul^incia 
the attrac tion of the ea n h ^ B j^ I he\t 
joint action, the moon ntoi'«!9 through 
the arc m n during the lEixie iJjal ^he 
would fly off in the tangent mT hy 
the action of the cenErirui*ul forco 
alone, or fall through m p by tin.' 
earth's attraction alotiu. T u, liic 
deflection from the tangeni, \s pnnillel and equal to mp, the versed sine 
of the arc m n, supposed to be moved over by the moon in a second, and 
tfaweforo BO v«ery small that it may be regarded as a straight line. T n, 
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or mp, is the space the raodn would fhll throu{;h in th« first second of 
her des<Mt to the earth, were she not retained in her orbit by her cen- 
trifugal rorce. 

NoTB 19, p. 5. — Action and reaction. When motion is communicated 
by collision or pressure, the action of the body which strikes is returned 
with equal force by the body which receives the blow. The pressure of 
a hand on a table is resisted with an equal and contrary force. This 
nece^rily follows from the impenetrability of matter, a property by which 
no two particles of matter can occupy th6 same identical {lortion of space 
at the same time. When motion is communicated without appnrent ■ 
contact, as in gravitation, attraction, and repulsion, the qunntity-of motion 
gained by the one body is exactly equal to that lost by the other, but in a 
contrary direction ; a circumstance known by experience only. 

NoTB 20, p. 5.—Pr»jected. A body Is projected when it is thrown • a 
ball Qred from a gun is projected ; it is therefore called a projectile. But 
the word has also another meaning. A line, surface, or solid body, is 
raid to be projected upon a plane, when paralle^l straight lines are drawn 
from every point of it to the plane. The figure ro traced upon the plane 
is a projection. The projection of a terrestrial object is therefore-its day- 
light shadow,, since the sun's rays are sensibly parallel. ^ 

NoTB 3), p. 5.— Space. The boundless region which contains all creation. 

NoTK 23, pp. 5, 12. — Conic Sections. Linea formed by any plane cut- 
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ting a cone. A cone is a solid figure, like a sugar-loaf, flg. 5, ofwhich A 
is th€$ apex, AD the axis, ond the plan^ BECF the base. The axis 
niny or may .not be perpendicular to the base, and the base may be a 
circle, or any other curved line. When the axis is perpendicular to the 
base, the solid is a right cone. If a right cone with a circular base be cut 
at right angles to the base by a plane passing through the apex, the sec- 
tion will be a triangle. If the cone be cut through both sides by a plane 
parallel to the baae,:the section wilt be a circle. If the cone be cut slanting 
quite through both sides, the section will be an ellipse, fig. 6. If the oone 
be cut paraller to one of the sloping sides, as A B, the section will be a 
IMirabola, fig. 7. And if the plane cut only one side of the cone^ and be not 
parallel to the other, the section will be .a hyperbola, fig. 8. Thus there 
are five conic sectiona. 

Note 23, p. 5. — Inverse square of distance. The attraction pf on6 body 
for another at the distance of two miles is four times less than at the 
distance of one mile ; at three miles, it is nine times less than at one ; at 
four miles, it is sixteen times less, and so on. That is, the gravitating 
force decreases in intensity as the squares of the distance increase. 

Note 24, p. 5. — Ellipse. One of the conic sections, fig. 6. An ellipse 
may be drawn by fixing the ends of a string to two points, S and F, in a 
sheet of paper, and then carrying the point of a pencil round in the loop 
of the string kept stretched, the length of the stricg being greater than 
the di£!tance between the two points. The points S and F are called the 
foci, C the center, S C or C F (he eccentricity, A P the major axis, Q, D 
the minor axis, and P S the focal distance. It Is evident that the less the 
eccentricity C S, the nearer does the ellipse approach to a circle ; and 
from the construction it is clear that the length of the string SmF is 
equal to the major axis P A, If T t be a tangent to the ellipse at m, Ihen 
the angle T m S is equal to the angle imF; and as this is true for every 
point in the elli{isQ, it follows, that in an elliptical reflecting surface, rays 
of light or sound coming from one focus S will be reflected by the surface 
b> tlie other focus F, since the angle of incidence is equal to the angle of 
reflection by the theories of light and sound. 

Note 25, p. 5.— Periodic time. The time In which a planet or comet 
performs a re volution, round the siui, or a satellite about its planet. 

Note 26, p; 5. Kepler discovered three laws in the planetary motions 
by which the principle of gravitation is established :— 1st law, That the 
radii veetores of the planets and eomets describe areas proportional to Uie 
time. Let fig. 9 be the orbit of a planet ; piff. 9. 

then supposing the spaces or areas PSp, 
pSa^ aS6, j&c. equal to one another, the 
radius v^tor & P, which is the line joining 
the centers of the sun and planet, passes 
over these equal spaces in equal times, 
that is, if the line S P passes to Sp in one p ^ 
day, it will corne to S a in two days, toSb 
in three days, and so on. Sd law. That the 
orbits or paths of the planets and comets 
are conic sections, hi^ving the sun in one of 
their foci. The orbits of the planets and 
aatBllites are curves like fig. 6 or 9, called 
ellipses, having the sun in the focus S. Three^mets are known'fo 
move in ellipses, but the greater part seem toinove in parabolas, fig. 7, 
having the sun in S, though it is probable that they really move in very 
long flat ellipses; others appear to move in hyperbolas, like fig. 8. The 
third law is, thai the squares of the periodic times of the planets are pro- 
portional to the cubes of their mean distances from the sun. The square 
Of B number is thnt pumber multiplied by itself, and the cube of a oum- 
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ber is thft number twice multiplied liy itself. For example, the «qiidrCii 
of the numbers 2, a, 4, tec. are 4, 9, 16, &c., but their cubes ar« 8, 37, 64^ 
Ate. Then the squares of the nunibers reprefientiiij^ the peri<Nlic time* of 
two planets nre to one another as the cubes of the numbers representing 
their m&nn distances from the sun. So that tht-oe of these quRiititie» 
being Icnown, the other may be (bund by the rule of three. The mean 
distnnces nre measured in miles or terrestrial radii, and the perid^ times 
nre 9!>-tia)ated in years, day^, and parts of a day. Kepler's laws extend td 
th^satellites. 

Note 27, p. S.—^Mass. The quantity of matter in a given bulk. It is 
proportional to the density and volume or bulk conjointly. 

Note 28, p. 5.— Gravitation proportional to mass. But for the resist- 
RDCjMC-the air, all bodies would fall to the ground in eqtial times. In 
fact a hundred equal particles of matter at equal distances from tl^e sur- 
face of the earth would fall to the ground in parallel stniight lines with 
equal rapidity, and no change whatever would take place in the circimi- 
stances of their descent, if 99 of them were united in one solid mass; for 
the-solid mass and the single paVticle would touch the ground at the 
inme instant, were it not for the resistance of the air. 

Note 29, p. 5. — Primary signifies, in astronomy, the planet about whieb 
a sritellite revolves. Tile earth is primary to the moon. y 

Note 30, p. 6.— Rotation. Motion round an axis, real or imaginary. ' 

Note 31, p. 7.— Compression of a sphetrnd. The flattening at the pole& 
It is equal to the difference between tlife greatest and least diameters, 
divided by the greatest ; these quantities being expressed in ^me stand- 
ard mei&sure, as miles. 

Not^ 32, p. 1. -^Satellites. Snriall bodies^ revolving nbout some of t)&e 
planets. The moon is a satellite to the eanh. 

Note. 33, p. 7. — Ji'utation. A nodding motion In the earth's axis while 
in rotation, similar to that observed in the spinning of a top. It is pro- 
duced by the attraction of the sun and. moon on the protuberant matter 
at the terresninl equator. "" 

Note 34, p. 7.— ^xi> of Rotation. The line, real or imaginary, about 
which a body revolves. The axis of the earth''8 rotatidta Is that diameter, 
or imaginary line, passing through the center and both poles. Fig. 1 being 
the earth, N S is the axis -of rotation. ^ . 

Note 35, p. 1,—J^utation of lunar orbit. The action of the bnlging 
matter at the earth's equnturon the moon occasions a variation in the 
inclinniion of the lunar orbit to the plhne of the ecliptic. Suppose tlie 
plane N j> n, dg. 13, to be the orbit of the moon, and N i» m the pl^nd of the 
ecliptic, the earth's action on the moon causes the angle p Not tf) become 
less or greater than its mean state. The nutation in the lunar orbit is the 
reaction of the nutation in the earth's axis. 

Note 36, p. 1. -^Translated. Carried forward In space. 

Note 37, p. 9.— Force proportional to velocity. Siilce p force is meas- 
ured by its effect, the motions of the bodies of the solaf system among 
themselves would be the same whether the system be at rest or not. The 
real motion of a person walking the deck of n ship at sen is compounded 
oMiis own motion nnd ihat of the ship, yet each takes place independently 
of tlie other. We walk ubottt as if the earth were at rest, though It has 
the double motion of rotation on its axis nnd revolution round the sun. 

Note 38, p. ^.— Tangent. A straight line which touches a curved 
line in one point without cutting it. In fig. 4, mT is tangent to the curve 
In the point tnu In a circle the tangent Is at right angles to the radius C «. 

Note 39, p. S.—Motion in sh elliptical orbit. A planet m, fig. 6* moves 
roimd the sun at B in an ellipse PD A'Q, in consequence of two forcw 
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one urging il in the direction of tile tangent mT, and anotUtier puliiag it 
toward the sun in the dilution mS. Its velocity, whicl) is greatest at 
P, decreases ttu-oughout the arc to PDA to A, where it^ is, least, and 
Increases continually as it moves along the nrc AO.P till it (^omes to P 
again. The whole force producing the elliptical motion varies Inversely 
as the square of the distance. Se^ Note. 23. 

NoT« 40, p.. 8. — Radii vectores. Imaginary lines joining the center of 
the sun and the center of a planet or comet, or the centen of a pian^and 
its satellite, in the circle, tbe radii are all equal ; but in an ellipse, %. 6, 
the radius vector S A is greater, and S P l^s than all the others. The 
radii vectores, S Q. S D, are equal to C A or C P, half the major axis P, A, 
and consequently equal to the mean diuance. A planet is at its mean 
distance from tbe sun when in tlie points U and D. ' 

Note 41 ^ p. 8.— Equal areas in eqv/U times. See Kepler*s Ist'lbw in 
Note 26. p. 5. 

NoTB 42, p. 8.— Major ^zis. The line PA, fig. dor 10. 

NoTit 4^p.9—Iftheplanetde- B _ Fi/r. 10. 

scribed a circie^&-c. The motion of 
a planet about the sun, in a cirele 
A B P, fig. 10, whose radius C A is 
«qual to the pianet^s mean distance 
n-om him, would be equable, that 
is, its velocity, or speed, wuuid al- . 
ways he thb same. Whereas, If it 
moved in the ellipse A Q P, its 
.speed would be continually vary- 
ing, by Note 39; but its motion is 
■Qch, tiiat the time ^lapsing be- 
tween its departure from P, and its 
return to that point again, would be 
the some, whether it moved in the 
circle or in the ellipse ; for these 
curves coincide in the points P & A. 

Note 44, p. Q.— True motion. The motion of a body in ita real orbit 
PDAa,fig. 10. 

NoTK 45, p. 9.— Mean motion. Equable motion in a circle P E A B, 
fig. 10, at the mean distance CP or C m, i|i the time that the body would 
accomplish a revolution in its elliptical orbit P D A Q,. 




Note 46, p. 9.— The equi- 
nox. Fig. 11 represents the 
Celestial sphere, and C its 
center, where the earth is sup- 
posed to' be. q T Q^hia the 
equinoctial or great circle, 
traced in the starry heavens 
by an imaginary extension of 
the- plane of^ the terrestrial 
equator, and E T e r^ is the 
ecliptic, or apparent path of ^ 
the sun round the earth. T :^ 
the intersection of these two 
planes, is the line of the equi- 
noxes; T is the vernal equi- 
nox, and dUb the autumnal. 
When the sun is in these 
points, the days and nights 
are equal. They are distant 
fVom one another, by a seml- 
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circle, or two right angles. The points E and « are the solsticea, 
where the . sun is at Iiis .greatest distance frpm the equinoctial. 
The equinoctial is everywhere ninety degrees distant from its poles 
N and S, which are two points diametricaliy opposite to one another, 
whera the axis of the earth's rotatioq, M prolonged, would meet the 
heaviM. The northern celestial pole N is within 1^24' of the pole 
■tar. 'As the liatitude of any place on tlie surface of the earth is equal to 
the' height of the pole above the horizon, it is easily determined by 
obi^rvation. The ecliptic E T e :^ is also everywhere ninety degrees 
distant from its poles P and p. The angle P C N, between the poles P 
and N*of the equinoctial and ecliptic, is equal to the angle e C Ct, called 
the obliquity of ttoe ecliptic. 

Note 47, p. ^—Longitude. The vernal equinox^ T, fig. ]I, is the 
zero point in the heavens whence celestial . longitudes, or tlie angular 
motions of the celestial bodies, are estimated from west to east, the 
direction in ^hich they all revolve; The vernal equinox is generally 
ca>led>-the frst point of Aries, though, these two points have not coin- 
cided since the early ages of astronomy, about 2233 years ago, on account 
of a motion in the equinoctial points, to be explained hereafter. If 8 T, 
fig. 10, be tlie line of the equinoxes, and T the vernal equinox, the true 
longitude of a planet p is tlie angle T S J9, and its mean longitude is the 
angle T C m, the sun being in S. Celestial longitude is the angular 
distance of a heavenly body from the vernal equinpx ; whereas terree- 
trial longitude is the angular distance Of a place on the surface of the 
earth from a meridian arhitrarily chosen, as that of Greenwich. 

NoTK 48, pp. 9, 51. —Equation of the center. The diflference between 
T Cm and J^p, fig. 10; that is, the difierence between the true and 
mean longitudes of a planet or satellite. The true and mean places only 
coincide in the points P and A; in every other point of the orbit, the 
true place Is either before or behind the mean place. In moving from A 
through the arc A Q, P, the true place p is behind the mean place m ; 
and through the arc PDA the true place is before the mean place. At 
its maximum,, the equat^n of the center measures C S, the eccentricity 
of thd orbit, since it is ihe difference between the motion of a body \n 
an ellipse and in a circle whoee diameter A P is the major axis of the 
Ellipse. 

NoTB 49, p. 9.—^p»ide8. The points P and. A, fig. 10, at the ex- 
tremities of the major axis of an orbit. P is commonly called the 
perihelion, a Greek term, signifying round the gun; and the point A is 
called the aphelion, a Greek term, signifying at a diatanpe from ihe sun. 

Note 50, p. 9.— JVVnety degrees,. A circle is divided into 360 equal 
parts, or (^egf-ees ; each degree into 6Ql equal parts, called minutes; and 
each minute into 60 equal parts, called seconds. It is usual to write 
these quantities thus, \5P 16' 10", which means fiAeen degrees, sixteen 
minutes, and ten seconds. It is clear that an are m n, fig. 4, measmve 
the angle m C n ; hence we may say, an arc of so many degrees, ojr an 
angle of so many degrees : for if there be ten degrees in the angle 
M 0«, there will be ten degrees in the arc mn. It is evident that there 
are 90^ in a right angle, m C d, or quadrant, since it is the fourth part 
ofSCOO. 

Note 51, p,9. — Quadraturn*. A Celestial body is said to be in quad- 
rature when it is 90 degrees distant from the aun. For example, in fig. 
14, if d be the sun, S the earth, and P the moon, then the moon is said to 
be in quadrature when she is in either of the pointiB Q, or D^ because the 
angles QS<<and DS<2, which measure her apparent distance from the 
sun, are right angles. '' 

Note 52, p. 9. — Eccentricity. Deviation from circular form. In fig. 
f», C P \n the ercentricity of the orblf, P Q A D. The Iprr TS. the mnrfe 
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nearly does the orbit or ellipse approach the circular form ; and when 
CS is zero, tb« eIlip^l)ecoii)ed a circle. 

Note 53, p. %.— Inclination of an jrrhii. Let S, fig. 12, be the center 
of t!ie sun, P N A n, the orbit ' jy- jg, 

of a plauet moving from west «• • « 

to east in the direction Np. 
Let E N m e n be the shadow 
or projection of the orbit on 
the plane of the ecliptic, then -^ , 
N S n is the intersection of 
these, two planes, for the orbits 
rises abo\e the plane of the 
ecliptic toward N;7, and sinks 
below it at N P. The. angle 
p N m, which these two planes 
make with one another, is the 
inclination of the orbit P N ;i A to the plane of the ecliptic. 

Note 54, p. 9. — Latitvde of n ptanct. Thcr ixn^U- p S n^ fig, 15, ci^r Uid 
heiglit of the planet p abovu ibn et:lip(ic h", ^ m. Li l\m attse ihe Imjiude 
is north. Tjius, celestial liicimtlo \a the imguJar ili^itance of a. celfisUal 
body from the plane of thf' t^^irlij^llr, w'bereaE! lerreetHal latitude is the 
angular distance of a place on Tlie siirtitco i^f the L-arth frr»m the fK^untor. 

Note 55, p. 10.— JVoflte*. The two |K>iiits N iind », fi^, V2, in wlikti 
the orbit NAnP of a piunet or cotnot inter^tiitt^ the phine oT die 
ecliptic eNEn. Th6 part N A w of the urUli lies nbtJVfl ihtj bbn(< of 
the ecliptic, and the part nP N below it. The luc^ncliog node N U the 
point through which the liorly j^nu'r«t-t In rlsirsg ^ht^vo the plane of the 
ecliptic, and the descendini; i i a in wbkh ihe boriy sinks 

below it. The nodes of n .: .. .na the iKilnii jn wtiieh It 

intersects the plane of the orbit of the planet. - 

Note 56, p. ^O.—Distance from the sun. S p in fig. 12. If T be tlie 
vernal equinox^ then T Sji is the longitude of the planet ;», nt S j> is its 
latitude, and Sp its distance from the sun. When these three quantities 
are known, the place of the planet /> is determined in space. 

Note 57, pp. 10, 58.— Elements of an orbit. Of these thefe are seven. 
Let P N A n, fig. 12, be the elliptkal orbit of a pranet, C its center, S the 
min in one of the foci, T Uie point of Aries, and EN en the plane of the 
ecliptic. The elements are, the major axis A P ; the eccentricity C S ; 
the periodic time, that is, the time of a complete revolution of the body 
in its orbit ; and the fourth is the longitude^ of the body at any given in- 
stant: for example, that at which it passes through the perihelion, P, the 
|h.i ; .:';■..■■•.". ;!, .1. -. i • ■■(■ -Ml. i l;.s ::-- -.r "■-,•■ II tiled as the origin 
111' [\mL\ wht-niifj iiii i]rt'LC'd!!](; mi J ^LiLCfjcdini; peri^ni?! are estimated. 
Theiifl fbar quantities are sutficiieut to dutcrmiue tlie rr»r[ij< of the orbit and 
lh*j motion of Uie btnly ia It, Three other eleiiveniB are requisite for 
cleTernitoing ihe posiiion of ihe Orbit iiv jipac^. Thefts are, the angle 
T ;:^P, Lbe Jiieigiluilfi of the perihelion: the anp:1e A N «, which is the 
inrliinailnn ni tiie oriiit to tbe plane of thp iicli^inlc ; and lastly, the angle 
T SJ Nt the longitude nf N tlie usc^nilic^g mnin. 

NcKTK :i^, p. ID. — Ji'kate pf&ueiy &'^. Thc ptnnrs of the orbits, as 
FN A II. fig. 1*2, In which Ibo pEancU mmx\ arc iDcHEit-d or make small 
iu^^\ea £ N A with the (fkine of ilie trcli^iic E N e m And cut it in straight 
liniisi, N 8n iMi-^»[iig through S iiiie c/?nier of ilji; sun. 

Note 50, |). l^^-Momf^nttim. Forci! nien«ured hy the weight of t^ 
tMMly Eind ii^ speed, or .xirnple Velocity, conjointly. The primitive momen- 
tujn of the plni^eii i«^ thereforeT the quaniliy of niQtiini which was im- 
p^FDAsed upon ilieni win? a th^^y were firsi throwti into s[fice. 

NoTF fid, p. \'^.— rifFtn¥f f^vifihrivm. A hoAy \f *fiifl to l)e in equili- 
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biiuiD when it is «o balanced as to remain at rest But there are two 
. kinds of equilibrium, stable and instable. If aJ)bdy balanced in stable 
equilibrium be slightly disturbed, it will endeavor to return to rest by a 
number of movements to and fro, which vAW continually decnfase till 
they cease altogether, and then the body wilt be restored to its migiDal 
state of repose. But if the equilibrinm be unstable, these movements to 
aqd fro, or oscilUtions, will become greater and greater till the equili- 
* brium is destroyed. 

^ Note 61, p. \Z.— Retrograde. Going backward, as from east to west, 
contrary to the motion of the planets. 

Note &2, p. 14. — Parallel directions. Such as never meet, though 
prolonged ever so far. 



NoTK 63, pp. 14» \%.— The whole force. Sre. 
Nmn the plane of (be ecliptic, ;> the dis- 
turbed planet moving in its orbit np^S, and 
d the disturbing planet. Now, d attri^cts the 
sun and the planet p with different intensities 
in the directions d^, dp) the difference only . 
of these forces disturbs the motion ofp ; it 
is, therefore, called the disturbing force. But 
this whole 'disturbing force may be regarded 
as equivalent tc> three forces, acting in the 
directions p 3, pT, nnd p m. The force uct- 
ing in the radius vector p S, joining the cen- 
ters of the sun and planet, is called the 
radial force. It sometimes drayvs the dis- 
turbed planet p from the sun, and sometimes 
brings it nearer to liim. The force which 
acts in the direction of the tangent, p T," 
is called the tangential force. It disturbs 
the motion ofp in longitude, that is, it accel- 
erates its motion in some parts of its orbit 
aiid retards it 
in others, so 
that the ra- 
dius vector 
S p does not 
move over 
equal areas 
in equal times. 



Let S, fig. 13,. be the sun, 
i^. 13. 





(See Note 26.) Forexam- 
^ pie, in the position of the bodies in fi|r. 14, 
" it is evident that, in consequence of the 
attraction of d, the planet P wilt have Its 
motion accelerated from d to G,' retarded 
from C to D, again accelerated from IVto 
O, and, lastly, retarded from O to Q. The 
disturbing body is<bere supposed to be at 
rest, and the orbit circular ; but as both 
bodies are perpetually moving with dif- 
ferent velocities in ellipses, the perturba- 
tions or changes in the motkms (rf* P asf 
very numerous. Lastly, that part of the 
dfsturbijig force which acts in the dtrec- 
tk»n of 11 line pm, fig. 13, at right angles 
to the plane of the orbit N|»m may be 
called the perpendicular force. It snofte- 
times causes the body to approach nearer, 
and sometiines to recede farther from, the 
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;.pl{ui«; of the ecliptic, N w n* tbaa it would otberwiye do. The action of 
t^)e disturbing forces is admirably explained in a work on gmvita'tion, by. 
Profeesor Airy, of Cambridge. 

Noi^ 64, pp. 16, G»,-^Ferihelion. Fig. .10, P, the point of «n orbit 
nearest the sun. 

Note 65, p. lS.—>apheli<ni. Fig. 10, A, the point of an orbit fartiiest 
frdm the sun. 

Note 66, o\h 16, ib., 17. In fig. 15 the central force is greater than tht^ 
dxact'law ot gravity; therefore' the curvature Ppa is greater than Fp A 
the real elliiise ; henc6 the planet p comes lo the point a, caiied the aphe- 
lion, sooner than if it moved in the orbit Pjv A, which maices the line 
PSA advance to a. In fig.. 16, on the contrary, the curvature Vpa ia 
Fig. 15. Fig. 16. 




less than in the true ellipse, so that' the planet p must move through 
more than the arc P;» A, or 180^, before it comes to the aphelion a, which 
causes the greater axis P S A to recede to a. 



Fig. 17 




Note 67, pp. 16, 17.— JIfotion of apsides. 
Let PSA, fig. 17, be the position of the 
elliptical orbit of a .planet at any time ; 
then, by the action of the disturbing 
forces, it successively takes the position 
P* S A', P" S A", &c., till bv this direct 
motion it has accomplished a revolution,^ . 
and then It begins, again ; so that the i 
motion is perpetual.. 

"Note 68, p. \^—Sid«retU revolution. ^ 
n'he consecutive return of an ol^ect to 
the same star. 



Note 60, p. \^.—TrepiciU reeolviion. "jPhe consecutive retur^ of an 
object to tl|e same tropic or equinox. 

Notk70, p. 17.— The orbit only b^igta^ 

trt. In fig. 18 the efifect of the varia- 

' fton in the eccentricity is shown, where 

Pp A is the elliptical orbit at any given 

Instant ; after a tini» it will take the 

• form P p' A, in consequence of the 

decrease in the eccentricity CS; then 

the forms Pp" A, Pp'" A, &c., conse- ^ 

, cutively from^the same cause, and as <^ t 

the major axis P A always retains the 

.same length, the orbit approaches more 

nnd more nearly to the circuli|lr fonn. 

Snt after- this has gone on for some 
kousands of years, the orbit contracts 
again, and becomes more and more 
elliptical. 

26 L L 2 
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Not* 71, pp. 18, 19.— The fclipUe is the apparent path of the sun in 
the heavens. See Note 46. 

NoTK 72, p. 18.— TAw force tends to pull,^c. The fotce in qaestlbn 
acting in tlie direction pm,^. 13, polls the planet p toward the. plane 
VmntOT pushes it farther atmve it, givinc the planet, a tendency to move 
in an Of bit above or below its undisturbed orbit N j» a, which akere the 
' angle p N m, and makes the node N and the line of nodes N n change; 
their positions. » ■ - 

NoTB ^ p. IS.— Motion of the nodes. Let 9, fig. 19, be the siin ; S N » 
the plane of the ecliptic ; P the disturbing body; and p a planet moving 
ki its orbirp a, of which ji a is so small a part that it is represented as a 
straight line. - The plane Sajr of this orbit cuts the plane of the ecliptic 
in the straight line Sa. Suppose the disturbing force begins to net on p 
so as to dra^ the planet into the arc pp' ; then, instead of moving in 
the orbit p n, ft will tend to move in the orbit pp' n', whose plane cuts 
the ecliptic in the straight line S a. If the disturbing force acta again 
upon the body when at y, so as to draw.it into the Biep'p", the pltoet 
will now tend^to move in the orbit p'p" n", whose piano cuts the ^liptic 
in the straight line Sa''. The action of the disturbing force on the 
planet when at p", will bring ttie node to a'"i and so 6n. In this man- 
n&[ the node goes backward through the successive points, n, a', a", a'*', 
*c., and the line of nodes S a has a perpetual retrograde motion about 
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8, the center of the aon. The disturbing force baa been represented aa 
acting at intervals for the sake of illustration : in nature. It is continuous, 
so thut the motion of the node is continuous also ; though ifis aoniefimea 
rapid and sometimes slow, now retrograde and now direct; but oh tlw 
whole^ the motion is slowly retrograde. 

NoTK 74, p. 18.— When the distnrbine planet is anywhere in the lin« 
B N, fig. 19, or in its prolongation, it is In the same plane with the dis- 
turbed planet; and however much it may afiieet its motioas in that 
plane, it can have no tendency to draw it out of itw Btit when the 
disturbing planet is In P, at right angles to the Ihie SN, and liot hi < the 
plane of the orbit, it has a powerful .effect on the motion of the nodes : 
between these two positions there is great variety of action. 

- Nora 75, p. 19.~T*« changes in the inclination are extremely ininnie 
when compared with the motion of the node, ns evidmtly ApfMiars front 
fig. 19, where the angles npn', n'p'n", ice. are much smaller than the 
corresponding angles n S n', S n", ^tc? *■ ■ 

NoT».76»p. 90.— Sines and cosines. Figure 4 is a circle; if p is the 
sine, and C.p is the cosine of an 'arc ma. Suppose the radius Cat td 
begin to revolve at m, in the direction mna; then at the point « the 
Sign is zero, and the cosine is equal to the radius Cm. As the line C as 
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r^volvee and takes tb? tacceMive poriUons C », Co, Cb, Itc., the wimm 
np, aq.br^ Itc. of 4be ares mn, 1110, mA, &c. Increase, wbiie the eorres 
^dlng cosMes C j», C 9, C r, 4tG. decrease, and when the levolviag radius 
takes the position Cief, at right ancles to ,Uie diameter >f tm tlie sine be- 
eomes equal to the radiiis Cd, and the cosine is leiro. After passing the 
point d, the contrary happens; for the sines «K,/V, <cc. diminish^ and 
the cosines CK, CV^ <cc. goon increasing; tiU at^ the sine b zero, and 
the cosine is equal to the radius. C^. - The same alternation takes place 
tUroogh the reniaining parts gk, h m, of the circlei so that a sine or cosine 
never can exceed the radius. As this rotation of the earth is invariable, 
each point^of its surface passes through « complete circle, or 960 degrees, 
in twenty-four hours, at a rate of 15 degrees in an hour. Time, there^ 
tore, becomes a measure. f>f angular motion, and vice versA, the arcs of a 
circle a measure of fime, since these two quantities vary simultaneously 
and equably, and as the sines and cosines of the arcs tfre expressed in 
terms of the lime, they vary with it Therefore, however long the tine 
may be, and how often soever the radius may revolve round the circle, 
the sines and cofidnes never can exceed the radius ; and as the radius is as- 
sumed to be equal to unity, theirvalues oscillate between unity ^nd zero. 

Note 77, p. 21.— The small eccentricities and inclinations of the plan- 
etary orbit^ and the revolutions of all the bodies in the same direction, 
were proved by Baler, La Grange, and Ita Place, to be conditions neces- 
sary for the stability of the solar system. Recently, however, the peri- 
odicity of the terms of the series expressing the perturbations was sup- 
posed to be sufficient alone, but M. Poisson has shown that to. be a mistake ; 
that these tliree conditions are requisite foe Ike necessary convergence 
of the series, and that therefore the stability of tlie system depends on 
them conjointly with the periodicity of the sines and cosines of each 
term. The author is awace that this note can only be intelligible to the 
analyst, but she Is desirous of correcting an error, and the more so as the 
conditions of stability afford one of the most striking instances of design 
in the origintLl runatrucl^on iif our eyaiciri^ and of the foresight and su- 
preme wlsdonii of iti« Divine ArchJtMl. 

Note 78, \\. "iJi .—RemBtmsr wfjifimiw. A fluiil u bich resisll the motk>nft^ 
of bodies suclii »s aLiiiossphenc air, or \h^ highly elastic Auid called ether. 
With which \\ Ik prcsuaiicd thut 9papi^ Is fiUed. 

NoTB 79j |>. *S.— OWi^aiff of fAff KlipHc, The angle c T 9, fig. 11, be^ 
tween the pluur uf the iF.-rr^^iriBl, (?<}UQK>r ^ T Q, and the plane of theecllp 
tteETe. The obtiquiiy ii vnrinWtJ. 

NoTB 80, p. 3-2.— /nvarvi^d plfi^i>. In the earth the equator is the in* 
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VMlBbie plane which nearly maimamaa panUel position wiOr reg^i^to 
ilaetf while revolving abont the flon, la in fig. 90, where £U represents 
it. The two hemispheres balance one another on each side rflhis plane, 
and would still do so if ail th6 particles oT wMch theycooslst weiamov- 
ahle among themselves, provided the earth* were not disturbed by the 
action of the sun and moen^ which alters the parallelism of the equAtov 
by the-small variation called nutation, to be eipialned hereafter. 

Note 81, p. 23.5 // each particle, ^e. Let P, F, P", «cc., flg. 81, bc» 
planets moving in their orbits about th9 center 6f gravity of the system.' 
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Let p S M, P' S M^ &c. be portions of these orbits moved over by the radiT 
vectores, S P, S P', &c., in a given time, and letpSnhp'Q m' &c. be the.lr 
shadows or projections on the invariable plane. Then, if the fiumbers 
which represent the masses of the planets, P, P' ioc. be respectively mul- 
tiplied by the numbers representing the areas or spaces p,9m^p' S m', Ax. 
the sum of the whole will be greater for the invariable plane than i^ 
would be for any plane that cpuld pass through S, the center of graviQ^' 
uf the system. 

NoTi 82, -p. 23.— TAe center of gravity of the s<^ar system lies within 
the body of the aun* becaaee his mass is much greater than the masses 
of alt the planets and aatellltes added together. 

NoTr 83, pp. 24, 25.— Conjunction. A planet is said to be in eonjonC' 
tion when it hai the same^kNigiiude with the sun, and. la oppoaitidn 
when its ionsitude differs from that of the sun by 180 degrees. Thus two 
bodies are said to be in conjunction when they are seen exactly in the 
same part of tl^e heavens, and in opposition when diametrically opposite 
to one another. Mercury and Venus, which are nearer to the sun than 
the earth, are called inferior planets, while ail the others, bding farther ~ 
from the sun than the earth, are said to be superior planets. Buppoae 
the earth to be at B, figure 24 ; then a superior planet will bain conjunct 
tion witli the snn «t C, and |n ojiposition to him l^hen at O. Again, 
suppose the earth to be in O, then an inferior planet will be in conjunc- 
tion when at £, and in opposition when-at F. 

Note 84, p. 2S.-^TAe periodic inequalities are computed for a given 
time ; and consequently for a given form and position of the orbits of the 
disturbed and disturbing bodies. Although the elements of the orbits 
vary so slowly thai no sensible eflfect is produced on inequalities of a 
short period ; yet, in the course of time, the secular variations of the ele- 
ments change the forms and relative positions of the orbits so much, that 
Jupiter and Saturn, which would have come to the same reUtive positions 
with regard to thesim and to erne another after^850 years, do not airive 
^t the same relative positions till aHer 918 year*. 
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"Num 85. p. ^^—OmfiffurationT' The relative poeitioti of the ptanelB 
with regard to one another, to the sun, and to the plane of the ecliptic. 

NoTB 86, p. 36.— In the same manner that the eccentricity of an eilipti- 
eai ortit may be increased or diminished by the action of the disturbing 
forces, so a circular orbit may acquire less or more ellipticity from the 
same cause.' It is thus that ti>e forms of the orbit of the first and second 
satellites of Jupiter oecill.ate between circles and ellipscH iiffering very 
little from circles. 

Note 87, p. ^.—Ths plane of Jupiter's equator is the imagiiiary plane 
passing through his center at right angles to his axis of rotation ; and 
corresponds to the plane ^ECle, in fig. 1. The satellites move very 
neifrly in the plane df Jupiter's equator, for if J be Jupiter, fig. 22, Pp bis 




axis of rotation, eO, his equatorial diameter, which is 6000 miles longer 
than Yp, and if JO and J E be the planes of his orbit and equator seen 
edgewise, then the orbits of bis four satellites seen edgewise will hav^ 
the positions J 1, J 2, J 3, J 4. These are extremely near to one another, 
for the angle E J O is only 30 5' 30". - . ' 

NoTB 88,. p. 27. — In consequence of the satellites moving ao nearly iii 
the plane of Jupiter's eq^ator, wlienleen from the earth, they appear to 
h|' always very nearly in a straight line, however much they may change 
toeir positions with regard to one another and to their primary. For 
example, on the evenings of the 3d, 4th, 5th, and 6th of January, 1835, 
the /latellites had the configurations given in fig. 23, where O is Jupiter, 
Ji't^.23. 
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and 1, 3, 3, 4. are the first, second, third, and fourth satellites. The»satel- 
lite is supposed to be moving in a direction from the figure toward the 
point. On the sixth evening the second satellite was seen on thte disc of 
the planet. 

rjixB 89, p. ^.-^Jingvlar motion or velocity is the swiftness with 
which a body revolves — a sling, for example ; or the speed with which , 
the surface of the earth performs its daily rotation about its axis. 

Note 90, p.' ^^Displacwient of Jupiter'* orbit. The action of tho 
planets occasions secular variations in the poeitioii of Jupiter^s orbit, J Q, 
fig. 32, without affecting the plane of his equator, J E. Again, the sun 
and satellites themselves, by attracting the protuberant matter at.Jupiter*g 
equator, change the position of the plane J £ without afiecting JO. Both 
oC these cause ])ertnrbations in the motion^ of the satellites. 

Note 91, p. 28.— Prece*#i(w, with regard to Jupiter, is a retrograde 
notion of the point where the line^ J O, J E, intersect fig. 39. 
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NoTi 93^ p. ^.-^Sffnodie motion of a •otdliU. Its nMMlon daring flie 
Interval between two of Its consecutive^ eclipses. 
"^ NoTB 93, p. 29. — OppooiUon. A body is said to be in opposition when 
its longitude dlfiers from that of the sun by 18(P. If S, fig. 24, be the 
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sun, and E the earth, then Jupiter is in opposition when at O, and In 
conjunction when at C. In these portions the thiee bodies are in 4h« 
same straight Une. 

NoTB 94, p. ^.^Eclipses of Ike 
aateUiteo. Let S, fig. 35, be the itin, 
J Jupiter, and a B 6 his shadow. Let 
the earth lie movinjin its orbit, 
tn the direction E A KT H, and the 
third satellite in the direction ahmn» 
When the earth is at E, tlie satellite, 
tn moving through the arc afr, will 
vanish at a, and re&pptib^ at b, on the 
same side of Jupiter. If the eai;th be 
in R, Jupiter will be in op)x>sitibn; 
and then the satellite, in moving 
through the arc a 6, wilt vanish close 
to the disc of the planet, and wlU re- 
appear on the other side of it. But if 
the.satellile be moving tlirough the 
fire nt-n, it will appear to pass over 
the disc and eelipee the plaaet. 

Note 95, pp. 30, A&.—Meridian. A 

terrestrial mefidlan is a line paasing 

round the earth and through both 

poled. In every part of it noon hap- 
. 4)ehs at the same Instant. In figures 
^land3, the lines NaS and N6S 

are jiieridlans, G being the center of 

the earth, and N & its axis of rotation. - 

The meridian passing through the 

Observatory at Oreenwieh is assumed / 

by the British a?) a fixed origin from / 

whence terrestrial longitudes are mea- ^' '^ 

Bured. And ns each imlnton thesur- / 

free of the H7irth passes through SfMP, 

or ii complete clriMu in twenty-four 
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^ am»i At die rate of 19 degrees in an boar, time becomes « repnaentattve 
of aneuiar motion. Hence if tbe eclipse of a satellite happens at any 
place at eight o'clock in the evening, and the Nau^cal Aknanac shows 
thai the same phenomenon will take place at Greenwich at nine, the . 
place of observation will be in the 15P of west longitude. 

NoTB 96, p. 20.— ■Conjunction. Let S be the jun, fig. 24, E the eartht 
and J O J' C. the orbit of Jupiter. Then the eclipses which happen when 
Jupiter is t^ b are seen IGm 36* sooner 4han those which take place wbeo 
the planet is inC. Jupiter is in conjunction when at G and in opposltioa . 
when in O. 

NoTB 97, p. 30.— /n tke diagcwl^ M- Were the line A S, fig. 90, 
100,000 times longer than A B, Jupiter's true place Fig. 96. 

would be in the direction A S', the diagonal of the o' o 

figure A B S' S, which is, of course, out of propor- 
tion. 

NoTS 96, p. 31.— jJ6errafum of light. The ce- 
lestial bodies are so distant, that the rays of light 
coinine from them may. be reckoned parallel. 
Therefore, let S A, S' B, fig. 26, be two rays of light 
coming from the sun, or a planet, to the earth 
moving in its orbit in the direction A B. If a tele-^ 
' scope be held in the direction A S, the ray S A, 
instead of going down the tube, will Impinge on its 
side, and be lost in consequence of the telescope 
being carried with the earth iii the direction A B. 
But if the tube be held in the position A E, so thdtt 
' A B is to A S as the -velocity of the eargl- to the 
velocity of light, the r«y will pass through S' E A. —— - 
The star appears to be in the direction AS, when 
it really is in the direction A 8', hence the angle S A S' is the angle, of * 
aberration. 

Note 99, p. 31.— /)eiM% proportional to elasticity. The more a fluid, 
such as atmospheric air, is reduced in dimensions by pressure, the m<»B 
it resists the pressure. 'V ^ •> . 

Note 100, p. 32. — OoalUUiono of pendulum retarded. ~If a clock be 
carried from the pole to the equator, its rate will be gradually diminished, ' 
that is, it will go slower and slower, because the centrifVigal force which 
increases from the pole lo the equator, diministies the force of gravity. 

NoTB 101, p. SZ.—Disturbing action. The disturbing force acts here 
in the very same manner as in note 63 ; only that the disturbing body d, 
fig. 14, is the sun, S tiie earth, aad p the moon. 

Note 102, pp.- 34, 36, Sl.^Perigee. A Greek word signifying roind 
the earth. The perigee of the lunar orbit Is the poftt P. fig. 6, where the 
moon is nearest to the earth. It corresponds to the perihenoo of a planet 
Sometimes the word is used to denote the point where the iian is nearest 
to the earth. 

NoTS 103, p. 34^— £eeetion. The eveetlon Is prodoeed by the actfon ef 
the radial foree in the directieh B^, fig. 14, which sodietimes increases v 
and sometimes diminishes the earth's attrdction to the moon. It produces 
a corresponding temporary change in the eeeentricity, which varies with 
the position of the major asis of the lunar orbit in respect of the line S d, 
Joining the centers of ttie f arth and sun. 

NoTB 104, p. M.~-Fariation. The lunar perturbation called the varia- 
tion id the alternate acceleration and retardation orihe moon in longitude, 
froni the action of the tangentlnl force. Bhe is accelerated in going from 
qundratui>es fti d and D,*fig. 14, to the points C and O, called syzygies, 
and Is retarded in going from the syzygiesp and O to Ct and D agahi. 
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' KoTK 105, p. 2iti.-r-SquarA «/ time. If the times increase at life tailor 
1, 3, 3, 4, Ace, years or hundreds of years, the squares of the times' #11} 
be 1, 4, 9, 16, &c., years or hundreds of years. . ' 

Note 106, p. 37. — Mean anomaly. The mean anomaly of a planet Is 
its angular distance from the perihelion, supposing it to move in a circle; 
The true anomaly is its angular distance from the fKgrihelion in its el1%>- 
tieal orbit. For example, in fig. 10, the mean anomafy is PC m, and the 
true anomaly is P S p. '► > ^ . 

Note 307, pp. 38, 63. — Many circumferences. There are'360 degrees, 
or 1,296,000 seconds, in a circumference; aad as the acceleration of^Uie 
mooo-onlv increases at the rate of eleven seconds in a century, it must 
be a prodigious number of i^s before it accumulates to maiiy circum- 
feieuces. 

Note 108, p. 38.—PAa»e» of the moon. . The ^periodical changes hi the 
enlightened part of h«r disc from a crescent to aj^rcie, depea&ag upon 
her position with regard to the suii aitd earth. 

Note 109, p. 2Q.—L^nar eclipse. Let S, ^g. 37, be the 9un, E the 
jearth, and m the moon. The^space a A i is a'sectioii of the shadow. 

Fig. 'in. 




which has the form of'a cone or sugar-loaf, and the spaces A a e, A i^ d, 
are the penumbra. The axis of ttie cone passes through A, and throuf^ih 
£ and S, the eenters of the sun and earth, and n m n' is the path of ^tlie 
moon through the shadow. 

Note 1 10, p. ^.—Apparent diameter. The diameter of a celestial body 
as seen from the earth. 

Note 111, p. 30.— Pemtmfrra. The shadow, or ioaperfect dorlcness, 
which precedes and follows an eclipse. - --^ 

Note 113, p. 39.- Sunodio revolution of the mo9n. The time between 
two consecutive new m full x 



Note 113, p. 39. yotiiental refraction. The light, in coming from a 
celesiiannbject, is ben^ into a curve as soon as it enters odr atmosphere, 
and that bending is greatest When the object is in the horizon. ^ 

Note 114, p. 40.^Solar eelipse. Let 8, %. 38, be the son, m the moon, 
and £ the earth. Then a £6 is the moOinr shadow, which sometimea 
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fcl}ptfea« small portion of the earth*s cniffhee at «, and sometlroes fbllt 
a^l of it. To a person at e, In the center of the shadow, the eclipse 
may be total or annular; to a person not in the center of the shadow, a 
Jiart of the sun will be eclipsed ; and to one at the edse of the shadow 
Ibere will be no eclipse at all. The spaces P ft E, ra E are the pen- 
UWhra. 
" JiXr.29. 



Note 115, p. A2.—Proim the extremities, ^. 
If the length of the Htfe a b, fig. 39, be meas- 
ured, in feet or fathoms, the angles B b a. 
Baby can be measured, and thei^ the angle 
a S & is known, whence the length of the line 
S€ may be computed, a S 6 is the parallax 
of the object S, and it is clear that the greater 
the distance of S, the less the base a b will 
appear, because the angle a8' bia less than 
aSb, . 



NoTC 116, p. 43.—Everf partiete will describe a eireliy 4rc. If N S, fif. 
3, be the axis about which the body revolves, then particles at B,i4, 
&c., will whirl in the chrctes B G A a, Q. £ 9 <2, whose centers are -in the 
axis N S, and their planes parallel to one another. They are, in Aicl, 
parallels of latitude, Q E 9 d being the equator. 

NoTK 117, p. A2.—The force of gravity, ^e. Gmvlty at the equator 
acts in the direction Q C, fig. ^ ; whereas the direction of the centrifugal 
Fig. 20. 
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feiee b eiacUy oootrary, being in the direcUon C Q ; hence the difll^- 
ence of the two it the force called gravitation, which maker1x)die« ^U 
to the surface of the earth. At any point, m, not at the equator, the 
direction of gravity is mi, perpendicular to the surface; but the centri- 
Algal force acts perpendicularly to N S, the axis of rotation. Now the 
e&ct of the centrifugal force is the same as if it were two forces, one of 
which, acting in the direction b m, diminishes the force of gravity ; and . 
another which, acting in the direction m t, tangent to the surfltce at «, 
uigea the particles toward CI, and tends to swell out the earth at the 
equator. 

Note 118, p. 44. — Uomogauou9 nuus. ' A quantity of matter, every- 
where of the same density. ^ 

NoTS 119, p. 44. — Ellipsoid of revolution. A solid formed by the revo- 
lution of an ellipse about its axis. If the ellipse revolve about its minor 
axis a D, fig. 6, the ellipsoid wilt be oUate, or flattened at the poles like 
an orange. If the revolution be about the greater axis A P, the eUipe(M 
will be prolate, like an egg. 

Note 190; p. 44.— Gmcenfrte eUipUcal strata. Btimta, or layen, having 
ah elliptical form and the same center. 

Note 181, p. 45.— On tM tehoU, S^e. The line N QS?, fig. 1, repre- 
aents the ellipse in question, its major axis being Q, 9, Its minor axis N S. 

Note 132, p. 45.— /nerea«A in the length of the rndih <^e. iThe nuHi 
gradually increase from the polar radius C N, fig. 30, which is least, to 
the equatorial radius C Q^ which is greatest. There is also an increase 
in the lengths of the arci corresponding to the san^e number of degrees 
from the equator to the poles, for the angle N C r,' being equal XoqCd^ 
the,elliptical arc N r is less than qd. 

JfoTE 123, pp. 45j 259.— Cptftntf of latitude. The angles m C a, m C ft, fig. 
4, being the latitudes of the points a, ft, &c., the cosines are C 9, C r, &c. 

Note 1S4, p. AA.-^n are of the nieridian. Let N Q S 9, fig. 30, be the 
meridian, and m n the arc to be measured. Then if Z' m, Z n, be verti- 
-tels, or lines perpendicdlar to the surface of the earth, at thtf extremities 
of t^e are am they will meet in p. Q a m Qft m, are the latitudes of the 
points M and n, and their difference is the angle mpn. Since the lati- 
tudes are equal to the height of the pole of the equinoctial above the 
horizon of the places m and it, the angle mpn may be found by observa- 
tion. When the distance mn is measured in feet or fathoms, and divided 
by the number t>f degrees and parts of a degree contained in the anglf^ 
mp n^ the length of an arc of one degree is obtained. 

Note 125» p. 46.—^ eeries of triangle*. Let M M', fig. 31, be thd 



Fig.n. 




meridian of nny place. A line, A B, is meosured with rods, on level 
ground, of any number of fathoms, G being some point seen fVom both 
ends of it. As two of the angles of the triangle A B C can be measured, 
the lengths of the sides A C, B C, can be computed; and if tlie angle 
m A B, which the base A B makes with the meridian, be measured, the 
length of the sides Bni, A w, may be obtained by computation, ao.thet 
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A mt a smnll part of the meridian, is iletermine<l. Agalot if D be a ptdat 
visible from the extremities of the known line BC, two of the angles of 
the triangle BCD may be measured, and the length of the sidea^CD, 
B D, computed. Then if the angle Bmm' be measured, all the ongles 
and the side B m of the triangle Bmm* are known, whence the length of 
the line m m' may be computed, so tliat the portion A m' of the meridian 
is dej^rmined, and in the same manner it may be prolonged indefinitely. 

Note 126, pp. 47. 48.— The square of the sine of the latitudet d & m, flg. 
SO, being the latitude of m, e m is the sine, and be the conine. Then the 
number expressing the length of «4»,^mulUplied by itself, is the square of 
the sine of the latitude; and the nutober expressing the length 6f 6«, 
multiplied by itself, is the square of the cosine of the latitude. 

Note 127, p. 49.— v4 pendulum in that part of^ clock whiob swings to 
and fro. ' 

Note 128, p. 51.— Parallax. The angle aSfr, fig. 29, under which we 
view an object ab: it therefore diminishes as tlie distance increases. The 
parallax of a celestial object is the angle which the radius of the earth 
would be seen under, if viewed from that object. Let E, fig. 32, be the 



Fig. 32. 




center of iko earth. EH l's ritillu?!, rmd bi H O Ihe horizon of an dbeerver 
at IL Th4fn H tnE 1« ibo prueili^K uf ii tnkiiy fn, the moon for example. 
Ai KM ni>e>» hi|;li<?r iind higher In che Ui^uicn^ to the points- m', m", ^., 
the priraMaiH B m' K. 14 i4i" K. Su:. liecrenE^.^-. At Z, the zenith, or point 
iiiurmiinu^ly jiiM>Vt; tlim heeul of tht! obH^fvor, ]i is zero; and at m, where 
Uie iKMty ii In the liitriKti'ii, itiH n^^[e H in 1] is Uie greatest possible, and 
ifl cAllL'il the horizontal tinrnllnJt. 1i itf cleru rJmt with regard to celestial 
bcHJiee Lh^ whole eJ!ect of phraUni is ia \hr- vertical, or in the direction 
mw' Z; anil m a parsm at 11 ^oia m' in iht' direction H m' A, when it 
rpMy kin the ^irertlnn E i»' B, li ijitikos CLiostiai objects appear to be 
lower ihan they renlly ajtf. The iliJUiincp of the moon from the earth 
ha^ bmn iLetermlnfd from hnr horiznninl parallax. The angle EmH 
cftii he tiie»tiuriHi. E H m i^t ii rlnlii m\ii\f., imd E H> the radius of the 
ennh, li knovv'n in mlEe^^ whencri thd dibTiincte of th^ moon Em is easily 
futinil. Anntinl |t;irnMaj( U tliie Httgin tinAnr which the diameter of the 
earth 'fi orbii would he sc^en^ tfviewijd fmiii u tlar. 
JfoTi 12JI, p. Sa.— 71# i-di/ii w P. Gt St.f.. Og. 3j are equal in any one 
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parallel of latitude, A a, B6; therefore a change In the parallax 6b- 
•erved in that pHrallel can only arise from a change in the nionn*s 
distaaee from the earth : and when the moon is at her mean distance* 
which is a constant quantity equal to half the major axis of her orbit, a 
change in the parallax observed in different latitudes, <x and £, mu!»t 
aiise from the difference in the lengths of the radii n G and C E. 

Note 130, p. 52. — When Venus is in her nodes. She must be in the 
line N S n, where her orbit P N A » cuts tlie plane of the ecliptic £ N e n, 
fig. 13. 

NoTK 131, p. 5SL—The line dese^ed, ^e. Let E, fig. 33, be the earth. 
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S the center of the sun, and V the planet Venus. The real tranait cf 
the planet, seen from E the center of the earth, would be in the directioB 
A B. A person at W would see it pass over the sun in the line e a, and 
a person at O would £ee }t inove across him in the direction v' a'. 

Note 133, p. 53. — Keplcr*s IcOb. Suppose it were required to find the 
distance of Jupiter from the sun. The periodic- times of Jupiter and 
Venus are given by observation, and the mean distance of Venus from 
the center of the sun is known in miles or terrestrial radii; therefore, by 
the rule of 'three, the square root of the |)eriodic time of Venus is to the 
. square root of the periwiic time of Jupiter, as tlie cube root of the mean 
distance of Venus from the sun, to the cube root of the mean distance of 
Jupiter from the sun, vyhich is thus obtained in miles or terrestrial radii. 
The root of a number is that number which, once multiplied by itself, 
giyes its square; twice multiplied by itself, gives its cube, hue. For 
example, twice 3 are 4, and twice 4 are 8 ; 2 is therefore the Miuare root 
of 4, and the cube root of 8. In the same manner 3 times 3 are 9, and 3 
thnes 9 are 27 ; 3 is therefore the square root of 9, and the cube root of 27. 

Note 133, p. ^.—Inversely, Src. The quantities of matter in any two 
primary planets are greater in proportion as the cubes of th€r numbers 
representing the mean distimces of their satellites are greater, and also in 
t>roportion as the squares of their periodic times are less. 

Note 134, p. 55.— As hardly anything appears more impossible than 
that man should have been able to weigh the sun as it were in scales 
and the earth in a balance, the method of doing to may have some 
interest. The attraction of the sun is to the attraction of the earth, as 
the guantity of matter in the sun to the quantity of matter in the earth : 
and as the force of this reciprocal attraction is measinred by its eflfects, 
the space the earth would fall through in a second l^- the sun's attrac- 
tion, is to the space which the sun would fall through by the earth's 
attraction, as the mas9 of the inn to the mass of the earth. Hence, as 
many times as the fall of the earth to the sun in a second exceeds the 
fall of the sun to the earth In the same time, so many times does the 
mass of the sun exceed the mass of the earth. Thus the weight of the 
sun will be known if the len^h of these two spaces can be found in 
miles or parts of a mile. Notning can be easier. A heavy hotly falls 
through lQ-0697 feet in ^ aecond at the surface of the earth by the 
earth's attraction ; and as the force of gravity is inversely as the square 
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of the distance, it is clear that 16'(M97 feet are to the space a hbdy woulil 
fhll through at the distance of the sun by the earth's attraction, as-tiie 
sqnare of the distance of the sua from the earth to the square of the 
distance of the center of the earth from its surface ; that is, as the square 
of 95,000,000 miles to the square of 4000 miles. And thus, by a simple 
question in the rule of three, the space which the sun would fall through 
in a second by the attraction or the earth may be found in parts of a 
niile. The space the earth would fall throtigh in a' second by the attrac- 
tioB of the sun must now be found in^miles also. Suppose m a, fig. 4, to' 
be the arc \yhich the earth describes round the sun in C in a second of 
time, by the joint action of the sun and the centrifugal force. By tho 
centrifugal force alone the earth would move from m to T in a second, 
and by the sun's attraction alone it would fall through T n in the same 
time. Hence the length of T a in miles is Che space the earth would fall 
through in a second by the sun'd attraction. Now as the earth's orbit is 
very nearly Ji circle, if 360 degrees be divided by the number of seconds 
in a sidereal year of 365;^ days, it will give mn, the arc which, the earth 
moves through in a second, and then the tables will give the length of 
the line TC in numbers correspondinf to that angle; but as the radius 
Q n is assumed to be unity in the tables, if 1 be subtracted /rom the 
nair^ber representing CT, the length of Tn will be obtained ; and when 
multiplied by 95,000,000 to reduce it to miles, the space which the earth 
falls through by the sun's attraction will be obtained in miles. By this 
simple process it is found that if the sun were placed in one scale of a 
balance, it .would require 354,936 earths to form a counterpoise; 

Note 135, p. 58. The sum of the greatest and least distances, S P, g A, 
iHg. 13, is equal to P A, the. m^or axis ; and their difference is equal to 
twice the eccentricity C Si The lonfltucfe T 8 P of the planet, when ia 
the point Py at its least distance from the sun. Is the longitude of the porf- 
heMoB. The greatest height of the planet above the plane of the ecliptic 
£ N e n u equal to the inclination of the orbit P N A n to that plane. Tho 
longitude of the -planet, when in the plane of the ecliptic, can only be the 
longitude of one of the points N or n ; and when one of these points is 
know|i, the other is given, being 180O distant from it. Lastly, the time 
included between two consecutive passages of the planet through the 
same node^N or n Is its periodic time, allowance being made for the recess 
ef tfawe node in the interval. 

Note 136, p. 59. Suppose that it were required to find the position of 
a point in space, as of a planet, and that one observation places It in n, 
flg. 34, another observation places it in n', . Fif. 34. 

anotlier iu n'', and so on ; all the points ^ 

% »', n", «'", jcc. being very near to one 
another. The trne place of the planet P i 
will not difler much from any of these 
positions. It Is evident, from this view of 
the subject, tliat Pa, P »', P a", &c. are 
the errors of observation. The true posi- 
tion of the planet P is found by this prop- 
erty, that the scares of the numbers 
representing the lines P n, P n', &c., when 
added together, are the. I east possible. 
Each line P a, P «', fcc. being the whole error in the place of the planet, is 
made up of the errors of all the elements ; and when compared with the 
errors obtained from theory, it affords the means of finding each. The 
"principle of least squares is of very general apiilication ; its demonstration 
cannot find a place here ; but the reader Is referred to Blot's Astronomy, 
vol. 11. p. 203. _ »: 

NpTK 137, p. 61.~wtf» axis tiuit, 4re. Fig. 20 repreienta the «arth 
JI m2 
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i«Tolv>ng 1b its orlrit about the sun S, the axis of rotation P^ b^ng every- 
where parallel to itMSlf. 

NoTK 138, p. 61.— Angular velocities that are senribly uniform. The 
earth and planets revolve about their axes with an equabie motion, whicli 
is never either faster or slower. For example, the length of the day 1^ 
never more nor less than twenty-four hoars. 

NoTJc 139, p. 64. If Ag- 1 be the moon, her polar diameter N S is the 
shortest; and of those in the plane of the equator, Q.E9, that whlck 
points to the earth is greater than ail the others. 

NoTK 146, p. eo.— Inversely proportional, tec. Tjhiit is, the total amooot 
of solar radiation becomes less as the ttiinor axis C C", fig. SO^ of the earth** 
orbit t>ec(Hiies greater. 

NoTi:141,p.70. Fig. 35 represents the J'V* 35. 

position of the apparent orbit of the sun 
as it is at present, the earth being in £. 
The^sun is nearer to the earth in moving 
through :^P T, than in moving through 
T A :£=, but iU motion through c£^P T , 
is more'^pid than its motion through 
T A £2= ; and as the swiftness of the mo- 
tjipn and the quantity of heat received 
vary in the same proportion, a compensa- 
tion lakes place. 

NoTK 142, p. 71.^/11 aneUipavii of revolutimi, fig. I, the polar diaoieter 
NS and every diameter in the equator qEQ.e are pernianent nxes of 
rotation, but the rotati6n would be unstable about any other. Were tha 
earth to begin to rotate about C a, the angular distance from a to the equa- 
tor at 7 would no longer be ninety d^rees, which would be immediately 
delected by the change it would occasion in the latitudes. 

NoTK 143, pp. 56, 75. Let ^ T (i, ond E T e, fig. 11, be the plojjes of the 
equator and ecliptic: The angle e T Q,, which separates thenv^nlled the 
obliquity of the ecliptic, varies in consequence of the action rtf the sun 
and moon upon the protuberant matter at the earth's equator. That 
action brings the point Q toward ^ atid tends to make the plane 7 T Q 
coincide with the ecliptic E T e, which causes the equinoctial points, T' 
and r£^ t0 mpve slowly backwtird on the 'plane e T E at the rate of 50"*4l 
annually. This part of the moUon, which depends upon the form of the 
earth, is called iuni-solar precession. Another part, totally indepeodeot 
of the form of the earth, arises from the tnutiial actkm of the earth, 
planets, and sun, which, altering the posittonof the plane of the ecliptie 
e T E, causes the equinoctial' points T and :^ to advance at the rate of 
0"'31 annually ; but as this motion is much less th^n the former, the 
equinocQal points recede on the plane of the ecliptic at the rate of SO"'l 
annually.' This motioq is called the ptecesrto|i of tlSk equinoxes. 

Note 144, pp. 61,-76. Let y T d, e T E, fig. 36, be the planes of the 
equinoctial Ot celestial equator and ecliptic, andp, P, their poles. Then 
suppose p, the pole of the equator, to revolve with a tremulous or wavy 
motion in the little ellipse pedb in about 19 years, both motions being 
very small, while the point a is carried round in the circle a A B in 25,868 
'years.' The tremulous motion may represent the half-yearly variation, 
the motion in the ieliipse gives an ideaof the nutation discovered by Brad'> 
ley, and the motion in the circle a A B arises from the precession of tbei^ 
equinoxes. The greater axis pd of the nnall ellipse is IS''^, its minor " 
ptxis ftc is 13"'74. These motions are so small, that they have very little 
efiecton the parallelism of the axis of the earth's rotation during its rev(>- 
liuipn round the sao, a» represented in fig. 20. Ai. thd itars furs fiied,lhifl 
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real motion in the pole of the earth muat cause an aj^Muent change in 
their places. 

Note 145, p. 78. Let N be the pole, fifl. 11, eE the ecliptic, and Q,q 
the equator. Ttien Nnm S l)eing a meridian, and at. right angles to the 
equator, the arc T m is less Uian the arc T n. 

Note 146, p. SO.—Heltacai rising of Sirius. When the star appears 
in the mcnrning, in the h<Mrizon, a little before the rising of the sun. 

XoTr 147, p, fd, Lt^t I* I' A ^cx Tig. Jkj, bt^ ihq npparf^ni r\ftin or pnih 
at ike ^un, iFio er^rUi bdn;^ In E. Ita irui}nr luU, A I*, la nt pn^enl titmnie 
as in Afi figure, where ihe mhir perigee P EjH Nfhvoen the in^iUtide nf 
winter and the eqiitnux of Bprin,^. ^u ihnt th^ lime vtf the Bun's \}a&3^K 
thmijitb thu arc T A =^ is p;jn(:jiter Mian, ihe tlniie hv. tnkeii to fo tUrouilfh 
fhfl lire 3^P T= Tlic major nxis A P cf^iteiiietl with ^ T, ihf? litjc of the 
B4pUiinj(£^ 4(N}0 yrfirti t*f<*ri! the (^hrhtlnrt cm ; at rh«t liriie P wns In tJia 
point T. lA 646e n^f ihf] CJirlHliAn j^ra. tJie perifee P vrtll i^olocide with 
s^^ In 1f^ A. D. the mtijcir aistis wbj perpendlcuJfU' ift T ^^ and iheu P 
V'M Ln tlio wliUur eoJsUoe^ 

NoTK HSt p. ea,— ,fl fcSf jfijifftCcM, *c. Since thfl deeiinntion of a celes- 
Dil til^ect h ill anf^uliu- dbstai]t6 fmm the eqiiifjQctjal, tho deciinati'tiii of 
the aim m t|jM mljliet^ 1* equaJ i^ (he ar Q.e. flg. IL which ineftsiirefl ihfl 
obliquity rif the ecUpiic, or qhj^uIht diaiQuire of the piano T f ±:^ from tjne 
plnne T il^^. 

NoTis 14ft, p. B3. — Kenith distinct ts the n^ul&r dletsncp of h ^Isttlat 
objr^t from the paint iniineil|i»t«)y ov«r the head of an obne^rver. 

I. - '' " ' ..'. • -•' ••■o- ■ • ■ ■ ■ ' ■ 'li 

increases, so that a pendulum vibrates slower on high ground f and in 
order to have ^ standard independent of local circumstances, it is neces- 
sary to reduce it to the length that would exactly make d6,400 vibrations 
in a mean solar day at the level of the sea. 

Note 151, p. 84.—./} quadrant of the meridian is a fourth part of a 
meridian, or an arc of a meridian containing 9(P, as N Q, fig. 11. 

Note 153, p. 96.^ The angular velocity of the earth* t rotation is at the 
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rate of I8OO in twelve hours, which is the time included between the 
passages of the moon at the upper and under meridiap. « 

Nora 153, p. 99.— If S be the earth, fig. 14, A the 8un\ and G ao D the 
orbit of Uie moon, then C and O are <||»b syzygies. When the moon is 
new she is at C, and when full she is at O ; and as both sun and moon 
are then on the same meridian, it occasions the spripg-tides,^ it being high 
water at places under C and O, while it is low water at those under Q, 
and JD. The neap-tides happen when the moon is in quadrature at Q 
or D, for then she is distant from the sun by the angle (2S Q, or <iS D, 
-CSchofwiiiehiagOO. 

Note 154, pp. 89^ 90.— Dec/tnatton. If the. earth be in C, fig. U, and 
If f T Q be the equinoctial, and r|^ m S a meridian, then m C » is the de- 
clination of a body at n. Therefore the cosine of that angle i«v-the cosine 
of the declination. ' ^ ^ 

NoTB 155, p. 91.— ^oon s southing. The time when the moon is on 
the meridian of imy pUce, which happens about forty-«igbt minutes later 
every day. 

NoTK 156, pp. 93, 134.'— Fig. 37. shows the propagation of waves from 

Fig.37. 




two points C and C, where stones nre supposed to have fallen. Those 
points In which the waves cross each other, are the places where they 
counteract each other's eflects, so that the water is smooth there, while 
it is agitated in tlie intermediate spaces. 

Note 157, p. 94.— TA« centrifugal force may,^c. ^he centrifugal 
force acts in a direction at right angles to N S, the axis of rotation, fig. 30. 
lis effects -are equivalent to two forces, one of which is in the directioQ 
b m perpendicular to the surface Q,mn of the earth, an^ diHrinishetf the 
force of gravity at m. The other acts in the dirfction of the tangenUn T, 
which makes the fluid particles tend toward the equator. 

Note 158, p. 101. — Analytical formula or expression. A combination 
of symbols or signs expressing or representing a series of calculation, and 
including every particular ease that can arise from a g^eml law. 

Note 159, p. 104.^Platina. The heaviest of metals ; its color Is be- 
tween that of silver and lead. 

NtfTE 100, p. WS.-rrFig. 38 f* a perfect octahedron. Sometimes *t8 an- 
gles, AfX, a,a,lBC, ore tnlnc^ledi or cut off. Sometiines a tUca i»cut 
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off itf edges A «, X a^^a^ ice. QeoMkmally both these modlflcattoiui take 
plaoi; ' , 



fig. 28.^ 




>foTB,J61, p. 106. — Prismatic crystals of sulphate of nickel are some- 
what like fig. 68, only that they are thin, likQ a hair. 

NoTK 163, p. 106.>-Z«iu;, a metal either foand as an ore or mixed 
with other metals. It is used in making brass. 

C 



NoTB 163, p. 107.— .A eti^ is a solid 
contained by six plane s<|ttare surfaces, 
a8,fig.3a. 

Fig. 39, 



Fig,4Q. 





NoTK 164, p. 107.-^.^ tetrahedron is a solid contained by four triangular 
surfaces, as fig. 40 : of this tolid there are many varieties. 

NoTK 165, p. 107. —There -arie many varieties of the octahedron. In 
that mentioned (n the text, the base a a a a, fig. 38, is a square, but the 
base may be a rhomb ; this solid may also be elongated in the direction 
of its axis A X, or it may be depressed. 

Note 166, pp. 106, 188. — .4 rhombokedren is a solid contained by six 
plane surfaces,. as in fig. 63, the opposite planes being equal and simihir 
rhombs parallel . to one another; butAll the planes. are not necessarily 
equal or aimilar, nor are its angles right angles. In carbonate of lime the 
angle C A B is 105O-55, and the angle B or C is 750-05. 

NoTB 167^ p. 108. — Sublimation. Bodies raised into v^por which is 
again condensed into a solid state. 

NoTK 168, p. 109. — The surfkce of a 
column of water, or spirit of wine, in a 
capillary tube, is hollow ; and that of a 
column of quicksilver iqi convex, or round- 
ad, as In fig. 41. 

27 
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Note 160, p. 109.-r-iii«er#e rnti^ 4f>e. The elevation ef die liqaid is 
greater in proportion as the internal diameter of the tube is less. 

NoTB 170, p. 110. — ^In fig. 41, the line ed shows the direction of the 
resalting force in the two cases. 

NoTB 171, p. llO.— 'When two plates oT glass are brought near to one 
another in water, the liquid rises between ihem ; and if the plates touch 
each other at one of their upright edges, the outline of the water will be- 
come a hypertmla. 

KoTB 172. p. 111.— Let A A', fig. 43, be two plates, both of which are 
wet, and B B , two that are dry. When partiy inmiersed in a liquid, its 
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snrfoce will be curved close to them, hut will be of its usual level forthe ' 
rest of the distance. At such a distance, they will neither attract nor 
repel one another. But as soon as they are brought near enough tp have 
the whole of llie liquid surface between them curved, as in a a , b V^ they 
will rush together. If one be wet and another dry, as CC, (hey will 
repel one another at a certain dist&nce ; but as soon as they are brought 
very near, they will rush together, as in the former casqs. 

Norr 173, p. 1^.— Latent heat. There Is a certain quantity of heat 
in all bodies, which cannot be detected by the thermometer, Imt which 
may become sensible by compression. 

Nora 174, p. I'Si.—RefiecUd wave*. Aseriea of waves of light, sound. 
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or w»ter, div%rg« In all directloitf from their origin I, llg. 43, as item a 
eenter. When they me^t with an obstacle SS, they strike against It, 
a&d are refletted or turned back by it in the same fbrni, as if they had 
proceeded from the center C, at an equal distance on the other side of 
the surface SS. 

Note 175, p. iyi.^EttipUeal ahdl. If fig. 6 be a section of aa eilip* 
ticai shell, then all sounds cominc from the fooas 8 to difibrent points 
on Aie surface, as ta, are reflected back to F, because the angle Tm 8 
is equal to tmF. In a spherical hollow shell; a sound diverging fnna 
the center is reflected back to the center again. 

NoTi 176|^ p. 136. Fig. 44,represento musical strings in vibration ; the 
Fig. 44. , 




straight lines are the strings when at rest. The first figure of the four 
^ would give the fundamental note, as, for example, the low C. The 
seeond and third figures would give the first and second harmonics ; that 
i», th^ octave and the 12th a>ove C, aa»bein^the pointsof rest; the 
fonrdi figure s^iows the real motion when compounded of all three. 
. NoTB 177, p. 137. Fig. 45 represents seciioBaof an open and of a shut 
pipe, and of a pipe open at one end. When sounded, the air sponta- 
neously divides itself into segments. It remains at rest in (he divisions 



Fig. 45 




or nodes n»',Atc, but vibrates between them in the direction of the 
arrow-beads. The undulations .of the whole column of al^ give the 
fundnmeatol note, while the vibrations of the divisions give the har- 
monics. - , 

NoTK 178, p. 139. Fig. 1, plate 1, shows the vibrating »nrfhce when 
the san4 divides it into squares, and fig. 2 represents the same when the 
nodal lines divide it into trian^es. The portions marked a a are in 
4ififerent states of vibration ftom those marked b h. 
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I^OTB 179, p. 140. PlatM 1 and 8 contain a faw of Chladoi'B flgnroa. 
The white ilnes are the fonsm aasamed by. the aaqd, frotn diflbtent modea 
of vibration, corresponding to muiical notos of di^rent degreea of pitch. 
Piate.3 contains six of Chladni's circular l%ares. 

NoTB 180, p. 140. Mr. Wheatstone's principle is, that when vibra- 
tions producing the frajns of figs. 1 and % plate 3, are united in the^same 
surface, they malce the sand assUme the f<xm of fig.^3. In the same 
manner, the> vibrations which would separately cause ihe sand to^ake 
the forms of figs. 4 and $, would make it assume the form of fig. 6 when 
united. The figure 9 results from the modes of vibration. of 7 and 8 
combined. The parts marked a a are in difierent states of vibration from 
those inarked bb. Figs. 1, 2, 4nd 3, plate 4, represent forms which the 
sand takes in consequence of simple modes of vibration ; 4 and 5 are 
those arising. from two combined modes of vibration; and the last six 
figures arise from four superimposed simple modes of vibration. These 
complicated figures are determined by computation independent of expert*, 
ment. 

NoTB 181, p. 140.— The lone cross-lines of fig. 46 show the two^y*- 
tems of nodal lines given by M. Sevan's laminae. 
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,.NdTK 183, p. 141.— The abort lines on fig. 46 show the positions of the 
nodal Ikies on the other sides of the same laminae. 

Note 183, p. 141.— Fig. 47 gives the nodal lines on a cylinder, with the 
paper rings that mark the quiescent points. 
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NoTB 184, pp. 133, 1^ 14Q^Rtfitetion and refraction. Let P C p, 



Fig.4S. 




fig. 48, be perpendicular to a sur- 
face of glass or water A B. When 
a ray of light, passing Obroogh the 
air, falls, on this surface in any di- 
rection I C, part of it is reflected 
in the direction CS, and the oth- 
er part is bent at C, and passes 
through >he glass or water in the 
direction CR. IC is called the 
S incident ray, and I C P the angle 
of mcidence ; CS is the reflected 
ray, and PCS the angle of teflee- 
tirai : C B is the refracted ray, and 
j9 C R the angle of refraction. The 
plane passfe^ through 8 C and 1 G 
is the plane of reflection, and the 

Cane pas^injg through I C. and C R 
the ptaJne of refraction. In or- 
dinaiy coses, CI, CS, C R, are all 
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in the same idane. We see the surAice by meant of the reflected lights 
which would othorwiie be invidUe. Whatever the reflecting surface may 
be, and however obliquely the light may fall Upon it, the angle of reflection 
Is always equal to tlwe angle of incidence. Thus I C, F C, being rays in- 
cident on the surface at G, they will be reflected into OS, C 8^^ so that 
the angle S C P will be eqnal to the angle I C P, and S' C P equal to T C P. 
That is by no means, the case with the refracted rays. The incident 
ray« I C, V C, are bent at C, toward the perpendicular, in tiie direction 
C R, C R' ; and the law' of refraction is such, that the sine of the angle 
of incidence has a constant ratio to the sine of the angle of refraction ; 
that is to sav, the humbet expressing the lengjth of Im, the sine of I C P, 
divided by the number expressing the length of Rn, the sine of RC;», is 
the same for all the rays of light that can fall upon the surface of any one 
substance, and fs r '"' '- "^ ' ' - . ' r ■ * 'i-i- 

Traction tie the sail m i.-. r- . ■: -,!..■ ; > -.h .,h- 

stances. For wat • liiiiu: i.ir r!r.iu-n-phsH?j it i^ ]-:V;i;3 ■ ror timt-giFiias, 

1*6; for diatnond, ^nil uk cUriiirnitB of teod It li -1, which tub- 

stance has a highc . ..' (iv^ ^hnver limn nny odiet known. Light ratl- 
ing perpendicularly un II siirrnce, ^las^es through it wiihoiit bctnj^ T^fr act- 
ed. If the light be now .luppoBed tn pni» fmm n. dense into n rare meidliiiLi, 
as from glass or wntei mco mlr„ thou EC, Tt' €^ hii^'onie ihti Incident myn ; 
and in this case the refracted roys, CI^ C T are Iwnt from the perp^naic- 
Ular instead of toivard ii. When the incldeiice in very oblique, be rC„ 
the light never peteses into the air at aU, but U ii totally rtfilt'cied in the 
direction Cr', so that the angle ;» Oris equal to^Cr': that flrequently 
happens at the second surface of glass. When a ray IC falls from air 
upon a piece of glass A B, It is in general refracted at each surfhce.' At 
C it is ^nt toward the perpendicular, and at R fh>m it, and the ray 
emerges parallel to IC ; but when the ray is vstery oblique to the second 
surface, it is totally jeflected. An object seen by total reflection is,nenrly 
as vivid as when seen by direct vision, because no part of tbd light is re- 
fracted. 

NoTK 185, o. I4li.—Mnk09pkeric refraction. Let ab, ah, tui., flg. 40, be 
. strata, or extnmely thin layers, of the atmosphere, which increase in den- 



Fi£.4Q, 




sity toward inn, the surface of the earth. A ray cominc fh)m a star 
meeting the surface of the atmosphere at S, would be refracted at the 
surface of each layer, and would consequently move in th« curved line 
8 V V V A.; and as an object is seen in the direction of -the ray that meets 
the eye, the star, which really is in the direction A 8, wouM seenn to fi 
Nn - 
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penon at A to be ia «. ^ that refractloiw which alwairB acts in a vertl- 
cal^direction, raises objects above their true piaee. ' For that reason, a 
body at S', below the horixon H. AO, would be raised, and would beTieen 
in a'. The sun is frequently visible by refraction after be Is set, Or before 
he is risen. There is no refraction in the zenith at Z. It increases all 
the way to the horizon, where it is greatest, 'the variation being propor- 
'tional to the tangent of the angles ZAS, ZAS', the distances of the 
bodies S S' from the zenith. The more'obliquely the rays fall the greater 
the refrattion. 

"Nofz 18d, p. 149.— Bradley* 8 method of ascertaining the amount of re- 
fraction. Let Z| fig. 50, be the zenitli. or point immediately above an 
Fig.SO.^ 




observer at A ; let HO be his horizon, and P^he pole of the equinoctial 
AQ. Hence P A Q, is a right angle. A star as near to the pde as » 
would appear to revolve about it, in consequence of the rotation of the 
earth. At aoon^ for example, it would be at « ^bove Ihe pole, and at 
midnight It would be in «' below it. The sum of the true zeniths 
distances Z A «, Z A«', is equal -to twice the angle ZAP.' Again, S and 
S' being the son at his greatest distances from the equinoctial A Ql when 
in the solstices, the sum of his true zenith distances, ZAS, 7^ AS', is 
equal to twice the angle Z A Q. Consequently, the four true zenitli 
distances, when added together, are equal to twice the right angle Q A P ; . 
.that is, they are equal to 180°. But the observed or apparent icenith 
distances are less than the true, on account of refraction ; therefore the 
sum of the four apparent zenith distances is less than 18(P by the whole 
amount of the four refhictions. 

Note 187, p. ISO.-^Terrestriai refraction. Let C, fig. 51, be the 
center of the earth, A an observer at its surface, AH his horizon, and 
B some distant point, As the top of a hill. Let the arc B A be the path 
of a ray corahig from B to A*^; E B, E A, tangents to its extremities; 
and A G, B F, perpendicular to C B. However high the liill B may be;, 
it is jiothUig when compared with C A, the radius of the earth ; conse- 

Suently, ^ B difi^rs so little from A D that the angles A E B and 
L C B are supplementanr to one another ; that is, the two taken together 
are equal to 180O.. A C B is called the horizontal angle. Now BAH 
is the real height of B, and E AH its apparent height ; hence refraction 
raises the object B, by the angle E A B, above its real place. Again, 
the rekl depression of A, when viewed from B, is F B A, whereas 
its apflvent depression isFBE,eoEBAis due to refraction. The 
angle F B A Is equal ta the sum of 4he angles BAH and A C B ; that 
Is, the true el«vati|pn is equal to the true depression and the Imrizrmtal 



Fig. 51. 
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But the trae elevation is equal tcKthe apwrent elevation. dimin- 
u„ ••-_ __A^_,.. ^ M .^ . ' easloii' if equal to the ap- 



angle. 

idled by the reAvction; and the 'true depresioi 

parent depression increased by refraction. Hence twice the refraction 

is equal 10 the.horizontal angle augmented by the difference between the 

apparent elevation and the apparent depression. • ^ • 

NoTt 188, p. 151. Fig. 5S represents the phenomenon in question. S P 
is the real ship, with its hiverted and direct imag^ seen in the air. 
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Were there po refrmciloii, the ray" wnuld come from the uhlp 8 P to the 
eyo IS m tlie' cllr»ti:tkm of Ibft HtrtLlii^Jit Ilnea; buC^ on occmiotof the vEkilable 
dunsily of %lw infcriur Btrtitn ^f tiie Fitmoephure^ the fnya are bent fn the 
curved Ibn^ Pc£» Pd£^ ^HtE, SitE. Sinc;^ ab object i^ seen 1q the 
dlrecKaii flf the langent to thot yotpt of the my which mecta the eye, 
the ptvlni P iif th€ i«ai ihip 14 seen hi p and p\ and the pohn B siiemi %o 
}wia M aisd £' ; and as all the other poinis are tnLriafis-ri^il In Uit Saou} 
jn&nacr, dittct And Invvtlerfl ]mng^ of the ship are ft>rin«l la th* air 
above it. ^ , 
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Note 189^H[>. 151. Fig. 5S repreimita the / 
■ection of a poker, with the ivfraction pro- •' 
daced by the hot air farrounding It. | 




^kb:» 



NoTB 100, p. 153.— Tlb« solar sptetrum. A ray from the sun at 8, fig. 
Si, admitted mto a daik room through a small round h(He H in a window- 



Fig. 54, 




shutter, proceeds in a straight line to a soreea Di on which it forms a 
bright circular spot of white light of nearly the same diameter with the 
hole H. But when the refracting angle B A C of a glass prism is inter- 
posed, so that the simbeam falls on A C the first surface of the prism, and 
emerges from the second surface A B at Mual angles,, it causes the rays 
to deviate from the straight path S D, and bends them to the screen M N, 
where they form a colored image V R of the sun, of the same breadth 
with the dianieter of th»hole H, but much longer. The space VR con- 
sists of seven colors,— violet, indigo, blue, green, yellow, orange, and red. 
The violet and red, being the most and less refrangible rays, are at the 
extremities, and the green occupy the middle part at G. The arigleD ^ 6 
is caiied the mean deviation, and the spreading of the colored rays over 
the angle Y ^ R the 4i*persion.. The deviation and dispersion vary with 
the refractii^ angle B A Cof the prism, and with the substance of which 
it is made. 

NoTB 191, p. 159. Under the same circumstances, and where the re- 
fracting angles of the two prisms are equal, the angles D/6 and V ^p R, 
fig. 54, are greater fbr flint-glass than for crown-glasa. But as they vary 
with the afl^ie of the prism, it is only necessary to augment the refracting 
angle of £e crown-glass prism by a certain quantity, to produce nearly 
the s^me deviation an(( dfspersiori with the flintrglass prism. II«nbe. 
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whmx the two prlsoif are placed with their refmetiBg angles In opposite 
directioM, aa in fig. 54, they nearly neutralize each oCher't effects, and 
refrapt a beam of light without resolving it into its elemeotaiy colored 
\rays. Sir David Brewster has come to the conclusion, that there may be 
refraction without color by means of two prisma, or two lenses, when 
properly atUusted, even though they be maae of the same kind of glaaa. 



NoTB 193, p. 159.— The otgect-gtaas of the aehromaiie 
telescope consiatp of a convex lens A B. fig. 55, df crown-glaas, 
placed on the outride toward the object, and of a coneavo- 
conyez lent C D of flint-^ass placed toward the eye. The 
focal length of-a lens is the distance of its center frono^ the 
point in which the raya converge, as F, fig. 60. If, then, the 
lenses A B and CD be so constructed that their focal lengths 
are in the same proportion as their dispersive .powers,, Uiey 
will refhict rays of light without color. 




NoTB 193, p. lOl— When a umbeam. 01a having paased througb a 
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colored glass VV% fig. 56, enters a dark room bv two rasall slilfi OO' tn 

a card, or plefee of tin, they produce alternate b^ht and black bands on 

N n2 
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a aowen B S' at a little distanee. When either one or other of the silts 
O or O' U stopped* the dark bands vani8h,>and the soresn is illaoiinated 
by a uBifonn light, proving that the darhfbands are prodoeed by the io- 
terference of the two sets of rays. Again, let H m, i^^. 57, be a beam of 
white light passing through a hold at H, made with a ifAe needle in a 
pieee of lead at a card, and received on a screen 86'. When a hair, or 
a small slip of card hh' about the 30th of an inch in breadth, is held in 
the beam, the i^ys bend round on each side of it, and» arriving at the 
screen in different states of vibradon, interfere and form a series of co- 
lored fHnges on each side of a central white band m. When a piece of 
card in interoosed at C, so as to intercept the light Which passes on one 
side of the hair, the coloried frii^es vanish, when homogeneous light 
is used, the fringes are broadest in red, and become narrower for each 
color of the spectrum progressively to the violet, which gives the nav- . 
rowest and most crowded fringes. These very elegant ezpofiments are 
due to Dr. Thomas Young. 

NoTs 194, pp. 165, 191.— Fig. 58 shows Newton*B rjngs, of which there 
are seven, formed by screwing two lenses of 
glaas together. Provided the incident light be 
white, they always succeed each other in the 
following order: 

1st ring, or first order of colors : Black, verv 
fhint blue, brilliant white, yellow, orange, red. 

2d ring: Dark purple, or rather violet, blue, 
a very imperfect yellow greeii, vivid yellow,. ' 
crimson red. 

3d ring : Purple, blue, rich grass green, fipe 
^Uow, pink, crimson. - • 

4th ring : Dull bluish green, pale yellowish pink, red. 

5th ring : Pale bluish green, white, pink. 

6th ring : Pale blue-green, pale pink. 

7th ring : Very pale bluish green, very pale pink. 

After the seventh order, the colors become toofaint to be aistlnguished. 
The rings decrease in breadth, and the colors become more crowded to- 
gether, as they recede Irom the center. When the light is homogeneous, 
the lines are broadest in the red, and decrease in breadth witbr every 
succes«ve color of the spectrum to the violet. 

Note 195, p. 166.— The Absolute |;y, 59, 
thickness of the film of air between '* 
the glasses is found as follows : — ^Let 
AFBC, fig. 59, be the section of a 
lens bring on a plane surface or plate 
of gTuB P P, seen edgewise, and let 
EC be the diameter of the sphere of 
which the lens is a segment. If A B 
be the diameter of any one of Newton's 
rings, and B D parallel to C £, then3 
D or CF is tbe thickness of the air 
producing it. E C is a known quanti- 
ty, and when AB the diameter is 
measured wi& compasses, B D or Fd 
can be computed. Newton found that p 
the length of 1^ D corresponding to the ^ ~ 
darkest part of the first ring, is the 
9e,000th paft of an inch when the rays fall perpendicularly on the lens, 
and from this he deduced the thickness corresponding to each color in the 

r>m of rings. By passing each color of the solar speetium in nccee- 
over the lensds, Newton also determined' the thieknesi of the filin 
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•r air ^orreapoadiog to each color, froto tbe bieadth of tfa« ring^ wkkh 
are always of the mme color with tfaa homoveneoua light. 

NoTK 196, p. 168.— Th« focal length or distance ' 

of a lens is the distance ftom its center to the point 
F, fig. 60, in which the refracted rays meet. Let 
L Ube a lens of very short focal distance fixed in 
the window-shutter of a dark room. A sunbeam 
S L L', passing through the lens, will be brought 
to a focus in, F, whence it will diverge in lines 
FC, FD,and will form a circular image of light 
on the oppbsite wall. Suppose a sheet of lead, 
having a small frtn-hole pierced through it, to be 
placed in this beam ; when the pin-hole is viewed 
ftom behind with a lens at E, it is surrounded with 
a aeries of colored rings, which vary in ai^ar- 
ance with Ae relative positions of the pin-hole " 
and eye with regard to the point F. When the 
hole is the 30th of an inch in diameter and at the 
distance of 6^ feet from Fj wlien viewed at the 
distance of 34 inches, there are seven rings of the 
following colors: — 

1st order: White, pale yellow, yellow, orange, 
dull red. 

9d order : Violet, Uae, whitish, greenish yellow, 
fine yellow, orange red. 

3d order : Purple, indigo, blue, greenish blue, 
brilliant green, yellow green, red. 

4th order : Good green, bluish white, red. 

5th order: Dull green, faint bluish white, feint 
red. 

6lh order : Very faint green, very faint red. 

7th order: A trace of green and red. 



NoTS 107, p. 168.-^iet L L', fig. 61, 
bci the sectioa of a lens plaeiMl in a 
'window-shotler, through whioh a very 
small beam of light S L L' passes into 
a dark room, and comes to a focus in F. 
If the edge of a knife KN be held in 
the beam, the rays bend away from it 
in hyperbolic curves K r, K r^, Ate. in- 
stead of coming directly to the screen 
in the straight line K E, which is the 
boundary of the shadow. As. these 
bending rays anr.ve at the screen in dif- 
ferent states oC undulation, they inter- 
fere, and form a series of colored frinses, 
rri, Ate. alon^ the edge of the shadfow 
KlBSNofthekhife. The fringes vary 
in breadth with the relative distances 
of the knife-edge and screen fiom F. 
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Norm 900, p. 17S^I7MtM« rrfraetimu If a pencU of light, Rr. fig. C3, 
falif apoa a rhombobednm of Iceland ipsr, A B X C, it is aepanited loto 
two equal pencils of light at r, which are refracted in the directioos rO, 
rE: when these arrive at O and E they are again refraeted,and.|iafli 
into the air in the directions O «, Eo, parallel to one another and to the 
ioeident ny R r. The ray r O Is rdiaeted according to t)ie ordinary law, 
which is, that the sines of the angles of incidence and reftactioii bear a 
constant ratio to one another (see Note 181), and the rays Rr, rO, Oo 
ate all in the sam^ plane. The pencil r E, on the contrary, is bent aside 
oat of that plane, and its refraction does not follow the constant ratio 
of the lines; rE is therefore called the extraordinary ray, and rO the 
ordinary ray. In consequence of this bisection of the light, a spot of ink at 
O is seen ifooble at O and E, when viewed from r ; and wben the crystal 
is turned round, the image E revolves about O, which remains station^^. 

Nora 901 1 p. 176. Both of the parallel, rays Oo and Eo, figi 63, are 
polarized on leaving the doubly refracting crystal, and in both the parti- 
cles of light make their vibrations at right angles to the lines O0 Eo. 
In the one, however, these vibrations Me, for example, (n the plane of the 
horizoii, while th6 vibrations of the other lie in the vertical plane per- 
pendicular to the horizon. 

NoTi 909, p. 177. If light be made to fall in various directions 4}n the 
natural faces of a crystal of Iceland spar, or on faces cui and polished 
artificially, one. direction, AX, fig. 63, will be found, along which tlie 
light passes without being separated into two pencils. A X is the opUe 
axis. In some substances there are two optlp axes forming an angle with 
each lother. The optic axis is not a fixed line, it only has a fixed direc- 
tion ; for If a crystal of Iceland spar be divided hito smaller crystals, each 



will have its optie axis ; but if all these pieces be put together again, their 
optic axes will be ^rallel to AX. Every line, therefore, within the 
crystal pnrallel to A X is an optic axis ; but as these lines have all the 



same direction, the crystal isatill said to have but. one optic axis. 
NoTi 903. p. ITS. If I C, fig. 48, be the incident and CB the reflected 
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rays, then the particles of polarized light make Iheir vibratidns at right 
angles to the plane of the paper. 

Note 904, p. 17B. Let A B, fig. 48, be the Surface of the reflector, I C 
(he incident, and CS the reflected rays; then, when the angle SCB is 
570, and consequently the angle PCS equal to 23P, the black spot will 
be seen at C by an eye at S. 

. Note 205, p. 179. Let A B, fig. 48, be a reflecting surface. I C the Inci- 
dent, and CS the reflected rays; then, if the surface be platerKiaas,"the 
angle SCB must be 57^, in ordeir that C S may be pol&rized. If the sur- 
face be crown-glass or water, the angle SCB must be SeP 55' for the first, 
and 53P 11' for the second, in order to give a polarised ray. 

Note 5206, p. 180. A polariang apparatus is represented hi fig. 64, 
where B r is a ray of light falling on a piece of glass r at an angle of 570, 



Fig. 64. 






the reflected ray r s is then polarized, and may be viewed through a piece 
of tourmaline in s, or it may be received on another plate of glass, B, 
whose surface is at right angles to the surface of r. The ray r« is again 
reflected in «, and comes to the eye in the direction s E. The plate of 
mica, M I, or of any substance that is to be examined, is placed between 
the points r and s. j 

Note 5207, p. 182. In order to see these figures, the polarized ray r«, 
fig. 64, must pass throiigh the optic axl» of the cqrstal, which must be 
held as near as possible to « on one side, and the eye^ placed as liear 
as poasibie to -« on the other. * Fig. 65 shows the imegd formed by a 
crystal of Iceland spar which has one <^c axis. The colon in die 
rings are exactly the same with those of Newton's rings given in Note 
104, and the cross is black; If the spar be turned ipund its axis, the 
rings suffer no change ; but if the tourmaline through which it is viewed, 
or the plate of glass B, be turned round, this figure will be* seen at the 
angles 0^, 90°, 180P, apd S70O ef its revolution. But in the intermediate 
poUits, that is, at the angles 450, ]35P, 32SO, au4 3150, another system 
will appear, such as is represented in fig. 66, where all the colors of the 
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ilofs are complcaiaitBiy to fhate of tig. 85, wd the aom W while. i:%i 
two systems of rings, if saperpowd, would produce wliite light.- 

l^loTx 906, p. 182. Saltpetre, or aitre, ciystalizes in six-sided prisins 
having two optic axes inclined to <me another at an angle dtSP. A sUoe 



Fig.eB. 





of this substance about the 6tfa or 8th of an inch thick, cut perpendicu- 
larly to-the axis of the prtem, and placed vary near to «, fig. 64, so that 
the polarized ray rs mt^pass through it, exhibits the system of rings 
represented in fig. iB7, whfere the pdlnts C and C ndvk the padtk» of the 
opdc luces. W]^ the plate B, fig. 64, is turned round, tiie image 
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ftiemgeb Hiiecewlveiy to those i^ven in fies. 68, 00, and 70. The colors 
of tlie rings are the same with those tf thin plates, but they vary with 
the thiekness of the nitre. Theii' breadth enlarges or diminishes a^K> 
with the color, when homogeneous light isn used. 

peftfAnet prtHlticefl hy itlacmi; a elicfl af rock 

Gil'iilnl in thti |)olan£e<r my rs, tig, &f. The 

unM'orm cotor in tine iuterlQr dT tbi? itnage de^ 

pejadit npoti the ttiicknces of ilie slice j^ but 

whflluvor that cnkir mny be, it will altei^ntely 

aitnln a nmiitnum luiightiiBHe and vanish wHii I 

tUo r«4volutmn of the Blasa B. K may be ob- ' 

aervml, tliat the two kiinis of quartz, or rock 

E!-yGUil, lueatidfied in the lejct^ are coniliined In 

Tlio ameihyBt, wbJth cnrurilsifl r4 nltornnt^ Iny^tm 

of ri^hl-lrandcd imd trf- 'v-.r^'r-.i ni.fir'-- w'ltwf^ 

jdfinetf ofe parallel lu ' -- - 

NoTKlSlO, p. 187. Suppose the major axis A P of an ellipse, fig. 18, to 
be invariable, but the eccentricity C S ccMitinually to diminish, the 
ellipse would bulge more and more ; and when C S vanished, it would 
become a circle whose diameter is A P. Again, if the eccentricity were 
eontinuaUy to increase, the ellipse would be more land more flattened till 
C B.was equal to C P, when it would become a straight line A P. The 
ilrcle and straight line are therefore the limits of the ellipse. 

NoTi 811, p. ]87>— The colored rings are {Mrbducedby the inttd^rehoe 
of two polarized rays in^ifierent states of undulation, on the p^cifde 
•zplainei' f-.i . ■:j,.- . "■.:,',. 

KOTK ^L*^, \K ::J1j.— L[ m^a irniri a non-luminous source be polarized by 
reflection or refraction at r. H^. &1, the polarized ray.r« will be stopped 
or transmitted by a plaie of micci MI uitfer the same circumstances that 
it would ato]> or traniuiU the light ; and^heat were visible, images Anal- 
ogous to Ihcn^i:; of (ig^. §3» GT, jtc. would be seen at the point s. 

NoTK 213. p^ !2iy.— The Kev. Jol)n Buchanan, of Charleston, South 
Carolina, hm recently ibownt ^y ingenious experiments, that the vulture 
is directed! tu liiit priiy liy the mam of sight alone. 

Note 314, p. 367.— Th« nlma Cryptogamia cobtaini' the ferns, mosses, 
funguses^ and Ec>a-wi?i?d$ : in nil of which the parts of the flowers are 
either Utile known flr tioo miauie lo be evident 

NoTK SI,"!, ;i, SG9,— ZffcrpAjtc* Bro the oiumals which form madrepOTes, 
ccMrals, sponges, ^. 

NoTs 210, p. 909.— The Sauritm tribes are creatures of the lizard or 
crocodile kind. Some of those found in a fossil state are of enormous, size. 

NoTB 217, pv515.— When a stream 
of positive electricity descends from P 
to n, fig. 7% in a vertical wire at right 
angles to the plane of the horizontal 
circle A B, the negative electricity as- 
cends from n to P, and the force ex- 
erted by the current makes the north ^ 
pole of a macnet revolve about the <"(, 
wire in the direction of the arrow- 
heads in the circumference, and it 
makes the south pole revolve in the 
opposite direction . When the current 
4if positive electricity flows upward 
fiwm n to B, these emcts are reversed. 



jpy. 72. 



o: 






432 



NOT£S. 




JXr-TS* ^ NoTc1{18,p.316^-Fit. 

73 repreBcnts a heUx or 
coil of copper win, tennl- 
hated by two cups con- 
tainibg a little quieksUver. 
When the positive wire 
. of a Voltaic battery is im- 
mersed in the cup >, and 
the negative wire in the 
cupn, &e circuit is com- 
pleted. The quicksilver 
insures the connection between the batteiy and the helix, by conveying 
Che electricity from the one to the other. While the electricity flows 
through the helix, the magnet S N remains suspended within it, but falls 
down the moment it ceases. The magnet always turns its south pole 8 
toward V the positive wire of the battery, and its north pole toward the 
negative wire. ' 

NoTx 319, p. 319.— A copper wire coiled in the form represented in fig. 
73. is an electro-dynamic cylinder. When its extremides P and n are 
connected wltl^ U^e positive and negative poles of a Voltaic battery, it b^ 
comes a perfect magnet during the time that a current of electrici^ is 
flowing through it, P and n being its north and south pc^es. There are 
a variety of forms of tlUa apparatus. 

NoTX 320, p. 339.— In fig. 74 the hyperbola DIPT, the parabola jiPR, 
and the ellipse AEPL, have the same. focal distance SP, and coincide 
through a shiall space on each sidp of the perihelion P ; and aa a comet 
is only visible when near P, it ie difficult to asceruin which of the three 
curves It mov^ in. _ > 

K^. 74. 




N[oTB 821, p. 343.— In fig. 75, BA represents Ihh orbit of Halley»a 
comet, ST the orbit of the earth, and S the sun. The proportions are 
very nearly exact. 




NoTM 332, p. 360.— Fig. 74 repres^ntr the carves in qaestion. It is 
evident that for the same focal distance flP, there can be but one etrcle 
and one pombola ;» P R, but that there may be an Inflalty of elUpsee be- 
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tvreen the circle and the parabola, and am infinity of hyperbolas H P Y 
exterior to the parabola ^ P R. 

Note 933, p. 371.— Let A B, fig. SB, be the diameter of the earth's orbit, 
and snppose a star to be seen in the direclioR A S' from the earth when 
at A. Biz months afterward, the earth having moved through half of 
its orbit, woiild arrive at B, and then the star would appear in the direc- 
tion B S', if the diameter A B, as seen fVom S', had any sensible magni- 
tude. But A B, which is 190,000,000 of miles, does not appear to be 
greater than the thickness of a spider's thread, as teen firom 61 C)'gni, sup- 
posed to be ^e nearest of tiie fixed stars. 

NoTi ^I!'l. : <i'J in the manner explained in Note 

. yJSi buL ilic i'iri!:'..j .'i .;<hj;,h.:i:;l' : ! m^ d] iUpcf! of ihi> Eirsr may be made 
luare cic^r by Kvhm Minns. T^a$»i.]gh tbe tirbft E>r the satellite star is 
ri-'ully nnd Hppnjently ellipijpiil. lei ii he /epresented by CDO, fig. 14, for 
ih(f viks of iitualnitlnp, ihe eaiih tieing in d. U ii clear that, when the 
■inr movfid thrivuf h C U O, Its Hip^hi will lAke lijnfifer In cuiiiing to the earth 
from O than fruiii €, by the wh43te ttaje it cjiifJlojn m passing through 
O C\ the br^adih of its orbit, Wben Uiat lime i4i Iciiown by observation, 
rciluccd to seconds, [Li:id multiplied by ti(f,000, which ii the number of 
piiilef li^hi dnrta thTCMj^h 111 a i^cood, the (jfuduct w\U be the breadth of 
tlm orhil m hiSIbs, Ftum this ihu dLnH'nsioni of I lie v lapse will be ob- 
tAineil by ihe aid of ii^bierviitJoD, the l^^th nod pcKsitjnn of any diameter, 
a% tip, nmy be fauiid ; and aji nil the mnizT^M of thf' trirudgle idSp con be 
■liiUrtit^n'^d by c>ti3<ervatlon, the distiince of the star frLJii the earth may 
be computed. 

NofB 925, p. 376.— One of the globular clusters mentioned in the text 
ie represented in fig. 1, plate 5. The starsare gradually condensed to- 
ward the center, where they run together into a blaze somewhat like a 
snowball. The more condensed part is projected on a ground of irregu- 
larly-scattered stars, which fills the whole field of the telescope. There 
are few stars in the neighborhood of this cluster. 

NoTK 996, p. 378.— Fig. 9, plate 5, |«presents one of those. enormous 
rings in its oblique position. It has a dark space in the center, with a 
small star at each extremity.^ 

Note 827, p. 378.— Fig. 3, plate 5, may convey acme idea of the ring 
in the constellation of the Lyre mentioned in the text. 

NoTX 928, p. 3f8.— This most wonderful object has the appeai^ce ^ 
ilg. 4, plate 5. The southern head is denser than the northern. The 
light of this object is perfectly milky. There are one or two stars in it. 

NoTX 999, p. 378.— Fig. 5, plate 5, represents this brother sjrstem. 

NoTK 930, p. 379.- Fig. 6, plate 5, represents one of the spindle-shaped . 
nebule. 

NoTK 231, p. 385.— £2oii^<rt»0n. sThe apparent angular distanceof an 
object from the center of 4ne sun. 
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Ctttalt, a metaL its polarity, 305. 

Cohesion, 96 a»eq. 

Cohesive force, the intensity of, 104. 
' Cold at Melville Island, 941. 

Cotladoa, M., his experiaMUts oa 
flound ander water, 190. 

Collision of a comet, 79, 347. 

Colored media, their action on light, 
155, 160. 

f — fUnges,M9,168«(s«y. 

Colors, prismatic* 154 stsef . 

, accidental, 150. 

,- complemen lary,. 160. 

of the stars, 374. 

Columbus discovers the v^rtntlon of 
the compass, 305. His account of 
the Gulf-weed, 907. 

Coma Berenices, the constellation, 

> nebohB In it, 374. 

Comet, Halley's, 341. 

, Lexers, 340. 

, Encke*s, 345. 

•^-— , aceelentloo of a, 945. 

-. — , Biela or Gambart**, 347. 

, shoclc.Qfa,348. 

— of the y«ar MM; 348. 
OMnetB,S37. 

, orbits of, 330, 850. 

— ,. fall of, to the sun, 3S0 
, masses of, 358. 

- — ,laUsof,354. 



Comets, nebulosity of, 3S8, 356. 

, light of, 3S7. 

— ^,-namber of, 360. 

Compass. See Mariaer*8 Compus 

Compresidon, 4. Note 11. 

—'— of a spheroid, 6. 

— ^ of the terrestrial spheroid, 38, 

48,49. Note 31. 

of Jupiter, 7, 61. 

— T of a mild mass in rotation, 38. 
Concentric hollow sphere, its attrae 

tion, 4. Note & 

elliptical strata, 44. Note 190. 

Cone, 5. Note 22. 

Conaguration or relsltive position of 

J upiter and Saturn, 94. Note 85. 
-^—rOfJuplter*s satellites, 87. Note 

88. 

of land and water, 958. 

Conic sections, 5. Note 92. 

Conjunction, 94. Note 83. 

-^->, contemporaneous, of plaoeti; 

Coonectioh between the variatioas 
of the eccentricity and apnkles; 

Connection between thevariat^ms 

of the nodes and inclination, 19. 

Note 75. ^ 

ConvexHy of the ennfa, 50. 
CoAidinaies of a planet, 10. Note 

56. 
Costaieaadsiaeof anare,90. Note 

76. 
- — ^oflallinde,45. Note 193. 
Cook, Capt., the ofejieet of his fiiat 



Tier, M., on the heat of the earth, 
949. 

Coulomb, his balance of lonion, 
S7«. 

Cummiag, Professor, his experi- 
ments on thermo-electriciqr and 
magnetic currents, 396. 

Cryptogamia^ 907. Note 914. 

Crystalization, 105. 

— -, the water of, 106. 

— < , e Acts of h«at on, 106. 

Cube, 107. Note 163. 

Cubes of mean distances, 5. 
96. 

Currents in the ocean, 94. 

— T- of electricity, 987 et »^^ S14 

Curves of thd second order, or conic 
sections, S. >Note99. 

~ — of double curvature are lines 
curved in two directions, like a 
cork-screw or helix, 186. 



Now 
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Cyaooiype. 19T. 

Cylinder or tube, vibration of, 147. 

, electro-dynainic, 319. Note 



Daguerreotype, 195*' 

D^ltoff; Dr., Ilia i^s of defimte pro- 
portion, 102. ma experiments ^m 
eivuporation, S28. 

Damoiseau, M., hia computation of 
tlie perturbations of Biela's comet, 
347. : 

Daabuisson, M., on the temperature 
of mines, S42. 

Davy. Sir, Humphlry,^hi8 opiiiton of 
electric liglit, 279. His decompo- 
sition of the earth* and alkalies, 
296. Uisexpcrimenls on the trans- 
mission of the electric fluid, ^335. 

Davy, Dr., his experimenu on ani- 
mal electricity, 335. 

Day, the length of, lAvarlable^ 72. 

-- — ^ astronomical and sidereal, 81. 
Nqte 145. 

Declination, 83, 89. Note 154. 

■' , cosine of, 90. Note 154. 

Definite proportion, 102. 

of electricity, 103. 

Degrees, minutes, and seconds of 
arcs, 9. Note 50. , 

T — ' of the meridian^, mensuration 
of, 46. 

Delambre, M., his computations 
show that the length of the year 
has not been increased by the 
action of comets, 338. 

De la R.iye, M., determines the tem- 
perature of an Artesian well, 244. 

De Laroche, M., his experiments on 
the iransipission of caloric, 310. 

Density4>f bodies, 56. 

— ^— of the sun and planets, 56. 

of the ocean, 45» 48. 

of the earth, 73. 

Depth of the ocean, SO, 72, 86. 

Deviation of light Note 191. 

Dew, the formation of, 221. 

Diameter, 2. Note 1. 

of the sun and earth, 55. 

of the moon, Jupiter, and Pal- 
las, 36, 51, 55. 

-^ — , apparent, of the sim and plan- 
ett,38,55. Note 110. 

Dico^ledonotts plants, 267. 

DiffracUon of light, 168, 175. Notes 
193, 196, 197. 

Dip, magnetic, HOI. 



IHac, the apparant mufaee of a IhMpT- 

enly body, 29. 
Dispersion of light, 158. Note 00. 

on the undulatory thedcy, 191.' 

Displi^ement of Jupiter's ovMs And 

equator, 28. Note 90. . ' 
Distance of th6 sUn and pianels, 53. 

Note 132. 
— ^ of the moon, 4, 33. Nolc^ 17. - 

, perihelion, 10. Note 57. 

- — ■ of the fixed etars, 54, 362. 

may Jie found from the nuiltl- 

ple systems, 370. 

, lunar, 37. • 

~ — ^, inverse square of the, 5. Note 

23.' 

, zenith, 83. Note 149. 

Disturbing force, 14. Note 63. 

of the sun, 34, 78. Note lOh 

of the planets An the moon, 35. 

of the moon on the earth, 74. 

ofthe moon on herself, 35. 

Division of time, 78. . . 

, decimal, 79. 

Doebereiner, H., his experiments on 

the combustion of platina, 104. 
DoUoQd, Mr., his achromatic tele- 
scope, 159. 
Double refiractioD, 175. Note 300. 

stars, 365. 

Danlop, Mr.; his catalogue of double 

stars, 368. 
Duperrey, Captain, his determina 

tion of the magnetic equator, 302. 
Dusejour, M., ptovea that -h comet 

cannot remain long near the eaiUii 

338. 
Pynamics, the science of force aud 

motion, 308./ 



Earth, form of the, 5, 43. 

-^, from arcs, 45. 

— ^, from pendulum, 47. 

— ^, from lunar theoiyy 39. 

'— , from precession and natatkm, 

50. ^ 

, fVom the mean of all, 49. 

, mean diameter, circumference, 

polar and equatorial radios of the, 

47.' - • • 

^ density of the, 56, 73. 

, internal stlructure of the, 73. 

, central heat, and tqmpeiauuni 

of the, 67 et Meq^-^1 el teq. 

, magnetism of the, 300. 

, magnetic by Lnduptiont 330. 

, rotation of the; See Roiatioa. 



W 
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fiartbqniikes, 948^ 

' , noise bf, 132, 

Echoes, 132. 

Eclipses of the sun, 40. Note 114. 
— '- of the moon, 39. Note 109. 
— ^ of Jupiter's satellites, 29. Notes 

93, 94. 5 

— - of the planets, 41. 
Ecllpfie. 8. 

, plhne of, 10. 

', secular variation of, 19, 75, 77. 

Egy{MHns, their y«ar and weelc, 80. 
Elastic bodies, vibrations of, 135 et. 

sfg.^ See Vibration. 
Elasticity of the utmusphere, 112 et 

Meq. 

of fnntter, 96. 

Electric induction, 276. 

intensity, 277 et aeq. 

tension, 278. 

clouds, 281. 

currents, 291, 314, 319 e^ ieq. 

— i— "end magnetic currents, ^19 et 
$eq. 

machines, 333. 

Electricity, common, 371. 

, effects of, 282, 286. 

, sources of, 271, 280. 

, atmospheric. 281. 

^— , velocity of, 284. 

, Voltaic, 290 et ieq. 

, tmimal, 299. 

f thermal, 328. 

by rotation. 325. 

producing rothtiou, 316. 

of metallic iteins, 332. 

, magneto, 33^- 

, identical with mngnetiem, 325. 

, identity of all the Icinds, 3,'W. 

Electrics and 0on-electric>r, 271 et 

. itq. 

SlQctro-magoetistn, 314. . ' 

magnetic induction, 317, 318. 

mngnets, 317. 

dynamic c'ylindera, 319. Note 

219. < 

dynamics, M9. 

Elements of the planetary orbits, 9. 
Note 57.' 

, how founded from observa- 
tion, 58. Note 135. 

Elements of parabolic orbits, 339. 

of stellar orbits, 364. 

Ellipse, a conic section, 5. Note 24. 

— -, the limits ^f, 187. Note 210. 

Ellipsoid, oblate and prolate, 4. 
Note 9. 

« — of revolution, 44. Note 119. 

^ terrestrial, 49. 

29 - 



Elliptical or true motion, 8. No<0 
39. 

Encke, Professor, his determination 
of the orbit and mbtion of the 
comet named after him, 346. Of 
its acceleration, 346. And of the 
orbit of the star 70 Ophiucl\i,367. 

Epoch, the, 10. 

, longitude of the, 10. 

Eqitation of the centre, 9, 34. Note 
48. 

of time, 78. 

Equator, 4. Note 11. 

EquUihrium, stable and unstable, 19. 
Note 60. 

Equinoctial, 9. Note 46. 

Equinoxes, 9. Note 46. 

Era, the Christian, 80. 

Eratosthenes measiues a degree bf 
the meridian between fiyene and 
Alexandria, 48. 

Eth^r, its.(iatare, 171. 

Ethereal' medium, 21, 97, 171. 

, temperature of, 239. 

^ resistance of, 337. 

, vibrations of, 171, 193, 194. 

— -, elasticity of, 31. Note 99. 

Eudoxus describes the state of the 
lieavens about the time of the 
'J^'rqjan war, 84. 

Evection. a lunar inequality, 34. 
Note 103. 

Eccei^tricity, 9. Note 52. 

, secular variation of the, 17. 

of the orbits of Jupiter's satel- 
lites, 27. 

of lunar prbit constant, 36. 

of the terrestrial orbit diminish- 
ing, 19. ' 

—^ of the terrestrial orbit, its varia- 
tion the cause of the acceleration 
in the moon's mean motion, 37. 

Expansion of substance^ by heat^ 
222.. - j 

Extraordinary refraction, 150. 

ray and image, 173. 



Fall of heavy bodies, -6, 49. 

at the surface of the san and 

piotnets, 56k 
Fall of meteorites, 381. 
Fkraday, Dr., reduces the gases to a 
. liquid Rinle, 99. His causes of 

affinity, 103., His experiments on 
. spontaneous combustion, ih. His 

theory of the aurora, 2^. Hia 

views of electro-chemical decom- 
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position, 397. His experiments 
oa_the transmission of electricity, 
399. He prod uces rotatory niotion 
by the electric force, 315/ "His 
experiments on, magneto-electri- 
city, 322. He proves the identity 

- of the electric and magnetic fluids, 
334. His explanation of electrici- 
ty evblved by rotation,. 325. His 
classification of mitgnetic sub- 
stances, 327. His experiments on 
the induction of terrestrial mag- 
netism, 332. He supposes rota- 
tion a cause of electric currents 
in the eanb, 333. On the evolu- 
tion ore^ctric currents, and iden- 
tity of the different kinds of elec- 

. tricity, 336. " 

Paye's comet, 341. 

Fiedler, Dr., liis fulgorites, 283. 

Figure of the earth. See Earth. 

Fluids, the undulations of, 93. Note 
156. 

, compression of, 99. 

, capillary attraction of, 111. 

"Focal distance, 5. Note 22. 

length of a lens. Note 1%. 

Foei of an ellipse, 5. Note 22. 

Forbes, Professor, his. experiments 
■ on heat, polarization of, 216. On 
the heat of moonlight, 239. Wa 
experiments during tJie annular 
eclipse of the sun, 15^.* 

Force, the unknown cause of mo- 
tion, 4 tt passim. 

proportional to velocity, 8. Note 

37. 

— , gravitating, 6. See Gravita- 
tion. 

, centrifugal, 5, 43. Notbs 18, 

117. 

, molecular, 96. 

— , electric, 274. - 

of lightning, 282. 

Forces which fix the n attire of the 
conic sections in which the plan- 
ets and comets move, 360. Note 
223. 

Fo^er, Copt., remarks on. the clear- 
ness with which sound is trans- 
mitted over ice, 130.- 

Fourier, I^I., his estimate of the tem- 
perature of spn^e, 240. On the 
deerease of central heat, 245. 

Fox, Mr., OQ the temperature of 
mines, 343. On the law of mag- 
netic intensity, 308. On currents 
of electricfty in metallic veins, 331. 

Franklin, fiir John, his observations 



on tho tempevataire of the Arctic 

regioni, 360. 
Frnunhofer, Professor, his dark lineti 
, in the solar spectrum, 157. His 

solar spectrum, 193.- 
Fresne), M., proves the extraordloa 

ry ray to be wanting in acme sub- 
■ stances, 177. iJls experiments on 

circular and elliptical polariza 

tion, 186; and on light passing 

through the axis of quartz, 187. 

Qn the interference of light, 188. 
Fringes of color'ubout circular aper 

tures, 168. !Note 196. 
Fulgorit^, 383. 
Fundamental note in music, 135. 



Galileo first observed the nodal 
points of vibrating bodies, 140. 

Galvani, Professor, his discovery 
390. 

Galvanometer, 318. 

iSambart, M., bis computation of. 
the elements of a comet, 347. 

Gardner, Mr., on the configuration 
of land and water, 358. 

Gay-Lussac, M., his law of the com- 
bination of gases, 103. His esti- 
mation of the length of a flash of 
lightning, 383. 

Gensanne, Jf,., his observations on 
theJteat of mines, 34^. 

Giesecke. Sir Oharles, on isothermal 
lines, 260. 

Glass impermeable to heat, 210 et 

prism, 153. Note 190. 

— i-, crown and flint, properties of, 

158. 
, polarizing angle of, 179. Note 

205. . 

, vibrations of, 141. 

Goodricke, M.; his opinion of varia- 
ble stars, 365. 
Graham, his compensation pendu- 

Iiim, 224. 
Gravitation, -3, 44. Note 5. 
— — , terrestrial, 4. 
decreases from the poles t(S the 

equator, 44. . 
^ — ', the intensity of, 4. Note 13. 
-. — of the planets nnd Battel lites, S. 

Note 28. - 

, nnivers^l, 6 et seg, 

, the nature of, 386. 

proportional to the ipiuv, 5. 

Notes 27, 29. ' 
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OraTltaClon, a c«hieqaence of elec- 
• trie action, 97 et siq. 

Gravity, the direction of, 43. 

Oreat ineqaality of Jupiter and Sat- 
urn, 24, 83. 

Great comet of 1843, 350. 

Griuialdi, his discovery of colored 
fringes on the borders of sh adowe, 
169. 

Grylli, grasshoppers, crickets, lo- 
custs, fcc., 135, 136. 

Gymnotus elecuicus, 299. 



Haidlnger, M., his experiments on 
crystalization, IQS. V 

Hall, the first to construct an achro- 
matic telescope, 159. 
Bailey's coroiet, 341. 
Hanstein, Professor, discovers ali 
substances to be mognetic in a 
certain position, 305. 

Harmonic divisions of a musical 
string, 134. 

divisions of a column of air, 

137. 

Harmony, 136. 

Harris, Mr. Snow, his experiments 
oa electricity, 276 et seq. 

Hartison, Mr., his compensation pen- 
dulum, 224. 

Hearing, the extent of, 196. 

— ^,«xperimenu of Dr. Woliaston 
on, 125. 

•' , experiments of M. Savart on, 

196. . 

Heat, theory of, 206. 

, transraisnon of, 206. 

< 0/ various iclnds, 910. 

' , solar, transmission of, 213. 

• , maximum point of, in solar 

qiectrum, 214. 

, polarization of, 215. 

' , analogy between light and, 

218. . 

— ^, radiant, 220. 

, expansion by, 222. ' 

, propngafioB of, 225. 

, latent, 227. 

, opplipation of, 229. 

, supposed to consist of undu- 
lations of the ethereal medium, 
230. 

, solar, 231 et seq. 

' , quantity of solar, 252. 

• , quantity of soltir lost and gain- 
ed by the earth, invariable, 261. 

, central, of earth, 241 et seq. \ 



Heat, superficial, of earth, 959. 

, distribution of; 253. 

— *•, influence of, on vetttatiott, 
262. '^ 

Height of atmosphere, 114. 

of tides, 91. 

— * of mountains, 7. 

Heliacal rising, 80. Note 146. 

Helix, cirenlar and elliptical, 186. 

Henry, Professor, his temporary 
magnet, 317. 

Herschel, Sir William, his discov- 
ery of the satellites of Saturn and 
Uranus, 32 ; of the rotation of Ju- 
piter's satellites, 65 ; of the calo- 
rific rays of the solar spefctrum, 
199.' His observations on the point 
of maximum heat in the solar 
spectrum, 214. His account of 
tile nucleus of the rx)met of 1811, 
352. Number of fixed stars he 
saw in one hour, 361. His cata- 
logue of double stars, and. discov- 
ery of the binary systemft, 365. 
' Hia observations of n- Serpen tarii, 
and of I Ononis, 368. On the 
motion of the solar system, 370. 
His- obsecvatlons on the Mil^ 
Way; 374. On clusters of stars, 
375. Outhenebulie,376.- His si- 
dereal astronomy, 381. 

Herschel, ^ir John, his estimation 
of the thickness of Jupiter's ring, 
62. He ascribes the decrease of 
the Qarth's temperature to th« se- 
cular variation of the eccentricity 
of the earth's orbit, 70. On the 
decrease of heat in the northern 
hemisphere^ ib. proposes the use 
of equinoctial time, 81. His re- 

' marks on the clearness of sound 
during the night, t30. On thun- 
der, 132. His discovery of two 
new prismatic colors, 156. His 
argument in fuvor of the undula- 
tory theory of light, 169. On the 

f>henbmena of pohirization df 
ight, 172. On polarizing appa- 
ratus, 183. His diiscoveries in the 
photographic spectrum, 197. On 
the discontinuity of calorific spec- 
trum, 206. His discovery of the 
parathermic rays, 231. His theory 
of volcanic action, 249. Bn pposes 
the ether may be in motion, 350. 
On the contraction of the heads < 
of comeu, 356. On the gravita- 
tion of the hinary lystems, 363. 
His estimation of the distances of 
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the fixed Btan. ih. He mines a 
star, 363. His account of the star 
Algol, 364. Determines the eUip- 
1^1 motions of binary systems, 
367.. Determines the orhit of y 
Virginis, tft. Adds to the cata- 
logue of double stars, 368. On 
the color pf the stars, 374. On 
clusters of stars, ib. On the ne- 
buls, 376 et sea. 

Herschel, Bf iss Caroline, her obser- 
vaUons of £ncke*s comet, 345. 
Her catalogue of nebuJe, 376. 

Hevelius first noticed the contrae- 
tion of comets in approaching the 
eun, 356. Tiiought he saw the 
pi lases of a cornet^ 357. Mentions 
a variable star, 364. His <)bser- 
vatinns of Hal ley's comet, 343. 

Bipparcbus discovers precession, 75. 
His catalogue of stars, 263, 

Homogeneous light, 154. 

'■ spberoid, its rotation, 44. 

Horizontal refraction, 39. Mote 113. 

- — parallax of the moon, 51. 

Horoscope, 84- 

HuHiboidt, Baron, his observations 
(Ml tbe Gulf-stream, 04. Effects 
of the rarity of the ftir on, 114. 
liis observations on the transmis- 
sion of sound, 12d. On the tem- 
perature of mines, 242. On Uie 
distribution of heat, 254. His bn- 
tHnical observations, 266. On tlie 
distribution of plants, 267. On 
the Gulf- weed, 268. His observa- 
tions on terrestrial magnetism, 
330. 

Hurricanes, laws of, 119. 

Huygens, his undulatory theory of 
right, 163. J 

Hyperbola, 12. Note 22.^, 



Ibn Junis, his observations, 85. 

Ice, its double refraction, 177. 

useful for polarizing light, 183. 

— — impermeable by Voltaic elec- 
tricity, 298. .^ 

Icebergs drifted from the poles, 95. 

'eoliision of, a cauise of light, 

280. 

Iceland spar, a carbonate of lime, 
its form, 175. Nme 166. ^ 

— ^, u doubly refracting sifbstanee, 
176. Note 200. 

— — useful as an analyzing plate, 



Iceliind spar a MBative ciy«aI^177. 

Imoge from a crystal with one op- 
tic axis, 183. Note 201-. 

from a crystal with two optic 

axes, 182. Note 206. 

Impetus, a force proportional to the 
mass and the square of the ve- 
locity of the striking body con- 
jointly, 131. 

Imponderable agenis, 336. 

Inactive lines in photographic qwc- 
trum,204. 

Inclination of planetary orbits, 9. 
Note 53. 

-; — variation oC 18. Note 72. 

Indians, the lunar tables of, 83. 

Inequalities. See Perturbations. 

Insects, the distribution of, S70. 

Intensity of \}ghu 164. 

of sound, 124, 130. 

- — of gravitation, 4. 

Interference of waves, 92. Note 147. 

of tides at Batsha in Tonquui, 

93. _j, 

of sound, 1337 

of light, 161, 187. Notes 193, 

211. 

Internal heat of the earth, 67, 34S 
et seg. 

structure of the earth, 74. 

structure of Jupiter, 28. 57. 

— ^ structure of Saturn and. Mars, 
57. 

invariable plane of the solar system, 
22. Npte 80. 

, po8iU<»n of, 22. Note 81. 

of the universe, 23. 

Inverse square dt distance, 5. Note 
23. 

cube of distance, 55. Note 133. 

Iron, its magnetic properties, 305, 
327. 

Iflugeothennal lines, 260. 

Isomorphism, 106. 

Isothermal lines, 259. 

tvory, Mr., his determination of the 
form of the terrestrial spheroid, 
43, 47. His formulee for ban>- 
metrieal meat<urement8, 113. Oa 
the distribution of the electric flu- 
id, 276. 

J. 

Jews used the week of seven days. 

80. 
Jovial System, the mass of, 55. 
Julian Calendar, 80. 
Jupiter, the compression of, 02. 
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Jupiter, magnitade of, 36. 

i mass of, 55. 

— -, rotation of, 61. 

, precession and natation of. 38. 

— ^~, in conjunction and opposition, 

30. Note 96. 
— — and Saturn, their theory, 34. 

Note 84. 
Jupiter*s satellites, theorjrof, 36. 
- — , masses of, 26, 54. 

, orbits of, 26, 27. Notes 86, 87. 

— ^, law in the mean motions and 

mean lonfitudes of, 28. 
— , synodic motipns of, 29. Note 

92. 
— ^, eclipses of, 39. Notes 93, 94. 
— '—, configuration of, 27. Note 88. 
— — ^, efiect of Jupiter's form on, 26. 

, secular variations of, 27 et seq. 

, periodic variations of, 28. 

'— — , effects of the dispiacement of 

Jupiter's equator and orbit on, 28. 

Note 90. 

, rotation of, 65. 

-J libratlon of, 64. 



Kater, Capt., deterniines the length 
of the seconds pendulum at Lon- 
ilon, 84. 

Kempelen and Krntzenstein, their 
speaking machine, 147. 

Kepler discovers the fortn of the 
planetary orbita, 5. Note 26. His 
laws, ib. 

Kupffer, M., his observations on the 
isothermal lines, and the poles of 
maximum cold, 261. Discovers 
a nocturnal variation in the com- 
pass, 303. ^ ' 

L. 

La Gmnge, M., proves the stability 

of the S«ilar System, 22. 
Lalnnde, M., his computation of the 

contemporaneous conjunctions of 

the planets, 41. 
Lamine, vibrations of, 140. Notes 

161, 182. 
Lamouroux, M., on the distribution 

of sea-weeds. 267. 
Languages, collation of, 270. 
:, vocal articulation of, imitated 

by machines, M7. 
La PlAce, the Marquis, his determi- 

naticm of the iuvariable plane, 22 ; 
. and of the' great inequalify of Ju- 



piter and Saturn, 34. Proves that 
the lanar pericee and nodes are 
not affected by the resistance 
of ether, 36. He discovers the 
cause of the lunar acceleration, 

• ib. Bis theorv of spheroids, 43. 
He ascribes the motions of the 
planets^ to a common original 
oause, 61 . Proposes the year 1 250 
as a universal epoch, 81 . Quota- 
tion from, 82. .Proves the Indian 
tables to be as recent as Ptolemy, 
83. Proves that the discrepancy 
between Newton's theory of the 

^ tides, and observation, de^iends 
upon the depth of the sea, 86. On 
the utility of Investigations of 
cause and effect, 90. On capilla- 
ry attraction, 109. On the oscil- 
lations of the atmosphere, 115. 
On the comet of 1770, 338. On 
Halley's comet, 342. On the ex- 
tent of solar attraction, 344. On 
the comet of 1682, 357.^ On the 
origin of the Solar System, 777. 

Latent heat, 326. 

Latitude, lerrestrial, 4. Note 11. 

, celestial, 9. Note 54. 

, square of the sine of the, 47. 

Note 126. 

Length of a wave, IIM. 

of the seasons variable, 69L 

- — of the day invariably, 66. 

of the civil year, 79. 

of the Egyptian year, 80. 

of a degree of the meridian, 

46. 

— ^ of the pendulum at London, 
84. 

— — of the tails of comets, 355. 

Lens, 159. The glasses of a tele- 
scope and of spectacles are lenws. 

Leslie, Sir John, Ins theory of the 
internal structure of the globe, 73. 
On radiant heat, 207. 

Level of the sea, 84. Note 150. 

Lexel, M., his comet, 340. 

Libratlon of the moon, 64. 

of Jupiter's satellites, 64. 

Light, 148. ^ 

, velocity of, 3T'. 

, reflection and refraction ofj 

148, 170. Notes 184, 198. 

, analysis of, 154. Note 190. 

, absorption of. 154. 

, intensity of, 164. 

, dispeftion and deviation oil 

158,191. 

, propagation of, 164, 171. 
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LlKht, interf<preace of, 161, 187. 

, difractfon of, 168. Notes US, 

196, 197. 

of sun vidtmocm, 339. 

ofcoaiets,357. 

of fixed stare, 382. 

— ,^cilon of, on retinft, 173. 

, electric, 379. 

— H-, polaristailoD of, 173. 

-♦— , emanating theory of, 161. 

-« — , undulatory theoryof,]63et«e7. 

, objections to the undulatory 

theory of, removed, 190. 

-wr, lengtl;i and frequency of the 
undulations of, 161. 

Lightning and its eflects, 383. 

- — , its velocity, 384- 
' ^loes of the second order, or conic 
sections, 5. Note 33. 

of no variation, 301. 

— of perpetual snow, 356. 

, isothermal, 359. 

, iMigeothermnl, 353. 

LonKitude, terresurial, 6, 30, 41. 
Notes 11, 95. 

—, celestial, 9. Note 47. 

of perihelion, 10, 

— — of nodes, 10. 

- — of epoch, 10. 
1^ Lunar theory, 33. 

inequalities, 31. 

•— eclipses, 39. 

4ilitance, CL 

-*— ipheroid, 64. 

Lunar orbit, 33. ' 

, eccentricity and inclination of, 

constant, 35. 

, nutaUon of. 39. 

LytBll, Mr., on the temperature of the 
nurthem hemisphere, 70. His es- 
timate of the number of volcanic 
eruptions, 346^ 



Mackintosh, Sir James, a quotation 
from his ''General View of the Pio- 
srats of £ihipal Phllow>phy," 1. 

Magnets, 305. ' ' 

, temporary, 317 «fr geq. 

Magnetic meri{fiv,.30I. 

polarity of the earth, 301. 

— — dip and equator, 301. 

poles, 300. 

— — intensity of the «arth, 303« 

T— induction, 306. 

force, 3U8. 

fluid, 308. 

«9d electric forces, 310. 



MagnetiMn in general, 305. 

of 4iflecent substances, 305. 

and electricity identical, 333. 

of the sun and ptanets, 334. 

, terrestrial, .100. 330. 

Magneto-electricUy. 333. 

Major axis of an el liaise. . Note S3. 

of an orbit, 8. Note 43. 

, seoplar motion of, 17. 

of planetary orbite hivariablo 

in length, 19. 
MaluvM., his discov<;ry of the po- 
larization of light, 189. 
Mnnicind identical ii»ep^ie», 370. 
Marcet, M., on the temptoviure of 

an Artesian well, 344. 
Marco Poio finds a difficulty of kin- 

dling fire at great heigh is, 114. 
Marine plants, their distribution, 

367. 
Mariner's compass, 304. n 

, variation of, ^1 . 

Mars eclipsed Jupiter, 41 

, parallax of, 53« 

, compression of, 57. 

, climate of, 339. 

^ass,6. Note 37. 

^-^ of the sun and planets, S5< 

of Jupiter's satellites, 55. 

of the moon, 55. 

—of Jupiter and the Jovial sys- 
tem, 55. 

of comets, 353. 

Madtematlcal and Mechanical 1^ 

ences, 3. Note 3. 
Matter, proportion of, in any two 

planets, 55, Note 133- 
, the ultimate pailicles of, 96 d 

sef. 

^ the attraction of, 4. Note 5. 

^ its diffusion In space, 381. 

Maximum squares, 59. Note 130. 
point of heat in solar spectrum, 

314. 
Mayer, M., hb catalogue of scan, 

367. 
Mean time, 78. 

distence, 8. Note 41. 

motion, 9. Notes 43« 45. 

lonsitttde, 9. Note 47. 

motions and majox axes, their 

constancy, 19. 
^ — motions of Jupiter and Saturn. 

law of, 34. 
motions ofVenus and the eartl^ 

35. 
potions of Jupiter's satellite^ 

law of, 37. 
Measures, standards of, 84* 
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Melloni, M., hid experiments on the 
transmiasioh of caloric, 206 et »eq. 

On the point of inaximHm heat op 
the solar ,Bpectrum, 215. 

Mercury, the planet, rotation of, 60. 

, climate of, 240. 

Meridian, 46. 

, mensuration of, 46. Note 124. 

, form of, 47. 

— -,' quadrant of, 83. 

Messier, M., on LezePs comet, 340. 
Was the first who observed 
Encke^s comet, 345. 

Metals, dilatatioii of, 223. 

Meteorites, 381. 

Meteors and shooUng stars, 382. 

Mdtre, a French measure, 84.' 

Mica, its' action on light, 180, l8l. 

Milky Way, 54, 374. 

Mines, temperature of, 242. 

Minor axis of an ellipse, 5. Note 24. 

Mirage, 151, 152. . 

Miraldi, M«, discovers the rotation of 
Jupiter's fourth satellite, 65. 

Mitscherlich, Professor, on crystnli-, 
zation, and the effect of Iieat on 
crystaline bodies, 105, 106." His 
theory of isomorphism, 107. On the 
expansion of crystaline bodies,224. 

Molecular attraction, 96. 

Moleculeit, or ultimate particles, 101. 

Moll, Professor, his temporary mag- 
nets, 317. 

Momentum of the planets, 12. Note 
59. 

Monocotyledonous plants, 267. , 

Monsoons, 118. 

Moon, theory of the, 33. 

— -, periodic and secular perturba- 
tion of, 34 et seg. 

, action of planets on, 35. 

disturbs her own motion, 35. 

, acceleration of, 36. 

, periods of her secular inequal- 
ities, 37. / , 

, mean anomaly of,37. Note 106. 

"■ — :, form, of, 64. 

• , mass of, 55. 

, roTation of, 63. 

, libration of, 64, 65. , 

-, constitution of, 65. 

, light of, 239. 

, atmosphere of, 238. 

-^, phases of, 38. 

— ^, eclipses of, 39. 

, orbit of, 33. 

, nutation of, 38. 

—.— and earth's reciprocal attrac- 
tion, 5. 



Miion's southing. 01. Note 155. 

BCdorcroft, Mr., his botanicsil obser- 
vations, 265. 

Moser's discoveries, 233. 

Mossotti, Professor, his theory, 07 
et aeq. 

Motion, mean, 9. Notes 43, 45. 

, true, 9. Note 44. 

of solar system, 6. - 

Of translation •Bd rotation, 6, T. 

of solar perigee, 81. 

of lunar perigee and nodes, 37. 

of ether, 350. 

Mundy, Captain, his observatiolis 
on mirage, 152. - 

Musical sounds,, 125. 

— r — instruments, 137 et seg. 

strings, vibrations of, 134 et teaS' 

Note 176. 

N. ■ 

Nature, laws of, 386. 

Nebulffi, 376. 

— , forms of, 377, 378. . 

-, stellar and planetary, 379. 

> constitution of, 380. 

, distribution of, 380. 

Nebulosity of comets, 352, 357. 

Nebulous stars, 379. 

Needle, the magnetic, 300. 

, the dipping, .Wl. 

Newton, Sir Isaac, on the attraction 
of spheroids, 4. His discoveiry uf 
gravitation, ib. Of the laws of 
elliptical motion, 4, 22. On the 
figure of a fluid mass in rotation, 
43. His theory of the tides, 86. 
His analysis of light, 153, 154. His 
theory of light, 161. His rings, 

165. Mensuration of his rings, 

166. His scale of colors, 167. 
Nickel, sulphate of, its properties, 

106. Note 161. 

Nodal points of vibrating strings ahdh 
columns of air, 134 ct «ejf. 

lines in air, 144. 

lines oh cylinders, 141. 

-r— lines on surfaces, 138. 

Nodes, ascending and descending, 
10. Note 55. 

, motion of, 18. Not* TS. 

connected with the inciinationy 

19. 

Norman, Robert, discovers the mag- 
netic dip, 305. 

Nutation of earth's axis, 76. Note 
144. 

of lunar orbit, 7. Note 45.. 



456 



Nutation, reciprocal, of earth and 

lunor orbit, 7. Note 33. 
, effects of, 73. 

O. 

Oblate spheroid, 4. Note 0. 
Obliquity of the eclipUc, 9, 31. Note 

46. 

, its variation and limits, 33. 

Occultation of planets and stars, 41. 
Ocean, tides «f, 85. , ' 

, effects of, on gravitation, 50. 

-« — , density of, 50. 

, nienn depth of, 86. 

, stability of, 93. 

, currents in, 95. 

Octahedrons, 105. Notes 160, 165. 
Oersted, Professor, his discovery of 

electro-magnetism, 310. 
Olbers, M., his observations of BiO' 

la*« comet, 347 ; and of the comet 

of 18 11.353. 
OUnsted, Professor, on the shooting 

stars of the 13ih of November, 385. 
Opposition, 39. Note 96. 
Optic axis of a, crystal, 177. Note 

203. 
Orbit of a plaQel, 8. ' 

of comets, 399. 

of binsiry systems,' 365 et »eq. 

; of celestial bodies, 360. 

• , elements of an, 10, 57. 

Ordinary refraction, 148. Note 184. 
— ray, 175. 
Oscillations, 3. Note 4. 

of the ocean, 86. 

of the pendulum, 49. Note 127. 

•' — of the atmosphere, 115. 

P. 

Pacific Ocean, the origin of the tides, 

91. 
Pallns, its size, 56. 
Parabola, 5. Note 23. 
Parabolic elements, 339. 
Parallnctic motion, 370. 
Parallax, 51. Notes 128, 129. 

, horizontal, 51. 

of the sun, Mars, and Venus, 

52,53. 

: of the moon, 51. 

— T-, nnnnol, 53, 371. 
Parallel directions, 14. Note 62. 
- — of latitude, 47. Note 11. 
Parathermic rays of solar spectrum, 

931 
Parry, Sir Edward, bis Journey on 



the ice, 9.5. .>On the cold at Hfel- 
ville Island, 241. On the tem- 
perature of the Arctic &eas, 360. 

Particles of matter, 4. ^6. Note 6. 

subject to,gravitation, 4, 100. 

, size of, 101. 

, relative weights of, 102. 

, form of, 104. 

Pendulum, 32, 49. Note 100. 

— 7-, its variation disco veied, 50. 

Penumbra, 39i. Note 111. 

Perigee, lunar, 34. Note 103. 

- — , variatioB of, 37. 

, variation of solar, 82. Note 

147. J 

Perihelion, 10. Note 57. 

, secular variation of, 16. Note 

64. 

Periodic inequalities of the planets, 
13. 

of Jupiter's satellites, 27. 

of the moon, 34. 

— '— times, 5, 9. 

, proportional to cnbes of mean 

distances, 5. Note 26. 

PerioiJBcity of the planetary pertar- 
balions,.20. 

Periods of rotation of the celestial 
bodies, 61 et seq. 

Perkins, Mr., his experiments on the 
compressibility of mailer, 74. 

Peron and Lesueur, MM., on. the dis- 
tribution of marine animals, 269. 

Perturbations of the planets, peri- 
odic and secular, 12, 13. 

— ^— expressed in sines and cosines 
of circular arcs, 20. Note 76. 

- — of Jupiter and Saturn, 24. 

of Venus and the earth, 25. 

of Jupiter's satelltles, 27. 

of the moon, 33, 34. 

—^ of comets, 338. 

Phases of the moon, 38. 

Phosphorescence, 286. 

Phosphorescent action of solar spec- 
truin,286. 

Photographic rays of solar spectrum, 
l^etaeq. 

pictures, 197. 

Plane of ecliptic, 9. 

, its secular variation, 21. , 

Planetary motions. 8, 13. 

Planets move in conic sections, &. 

, their forms, 4. 

, atmospheres of, 238. 

, constitution of, 240. 

Plants, their distribution, 263 et tea 

Plateau, M., on complementary col 
ors, 160. 
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Ptallna, spontuneous^cpinbustiou of, 
104. 

Poinsot, M., on the invaftable plane, 
23. 

Poiason, Baron, his researches on 

* capillary attraction,*' 109. On the 

distribiitioQ of the electric fluid, 

276. On the law of the magnetic 

force, 308, 309. 

Polar «tar, 77. 

Polarization of light, 172 

by refraction, 173. 

by reflection, 178. Note 205. 

, circular, 183 et sea. Note 209. 

, elliptical, 187. 

, discovery of, 189. 

of heat, 215. 

, circular, of heat, 217. 

Polarized light, 173. 

, undalations of, 176, 188. Nole 

201. 

, phenomena of, 180 et seq. 

Notes 207, 208. 

in quartz, 163, 187. 

—•^, interference of, 188. Note 211. 

Polarizing anglei?, 179. Note 205. 

apparatus. Note 206. 

Poles of rotation, 4. Note 1 1 . 

of celestial equator or equinoc- 
tial, and of ecliptic, 9, 76., Note 
46. 

of maximum cold, 260. 

, magnetic, 300. 

Pouillet, M., his estimation of the 
quantity of heat annual ly received 
from the sun, 251, 252. On the 
production of atmospheric elec- 
tricity, 281. 

Powell, Professor, on the dispersion 
of light, 191 . His experiments on 
heat, 213. 

Precession and nutation, 74. Notes 
143, 144. 

, effects of, 75, 77. 

Principal axis of rotation, 71. 

Prism, its use, 153, 154. 

Prismatic colors, 154. 

Probabilities, theory of, its utility, 59. 

Problem of the three bodies, 11. 

Projected, 5. Note 20. 

a. 

Quadrant of the meridian, 84. Note 

151. 
Quadratures, 9. Note 51. 
Quadrupeds, their distribution, 370. 
Quartz, or rock crystal, its proper - 

tiesi, J77, 183, 187. 
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R. 

Radial force, 7. 

Radiation, 221 et seq. 

ofthe earth. 'J51. 

of the sea, 256. 

, solar, 68, 261. Note 140. 

Radii vectores, 8. Note 40. 

Radius, 4. Note 15. 

, terrestrial, polar, and equato- 
rial, 47. 

, solar, 56. 

vector, 14. 

Raffles, Sir Stamford, his account, 
of tlie volcanic irruption at Sain- 
bawn, 247. 

Rain, 222. 

Ratio, 4, 5. Note 16. 

Rays of Light, 148. 

of heat, 208. 

--^, chemical, 193 et seq. 

, extraordinary and ordinary, 

177. 

Reflection of light Notes 184, 198. 

, extraordinary and total. Note 

184. _ .- 

of sound, 131. Notes 174, 

175. 

of waves, 131. Note 174. 

Refraction of light, 148, 149, 171. 
Notes 184, 198. 

, atmospheric 148. Note 185. 

' in eclipses, 39. 

, terrestrial, 150. Note 187. 

, extraordinary, 150. Notes 188, 

189. 

Repulsive force, 96. 

Resisting medium, and its effects, 
21, 162, 163, 346. Note 78. 

Resonance, 144. 

Retrograde motion, 13. Note 61. 

Revolution, sidereal, of phmets, 16. 
Note 68. 

, tropical, 16. Note 69. 

, synodic, 39. Note 11,2. 

and rotation of the celestial 

bodies in the same directiftn, 61. 

Rhombobedron, 175. Note 200. 

Richman, Professor, killed by light- 
ning, 283. 

Ricliter, his observations on the pen- 
dulum at Cayenne, 51. 

Rings, Saturn's, 62. 

, colored, round, small aper- 
tures, 168. 

, Newton's, 165. Note l'J4. 

Ritchie, Professor, causes water to 
rotate, 316. On the composition 
of water by magnetic action, 335. 
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Ross, Capt. Jaaies, his determination 
of the magnetic po)e, 300. 

Rotation of tiie sun and planets, 7, 
€0, 61. 

of a fluid mass, 6,-43. 

of the earth, 58, 66. 

, invariability of the earth's, 73. 

of the moon, 63. 

of Jupiter's satellites, 65. 

--«— of Sutum^s rings, 63. 

ofwinds, 118, 119. 

of water by electricity, 316. 

of magnets, 31^ 

8. 

Sabine, Colonel, on the magnetic 
equator, 302. 

Salt and sugar, their cf^iillaiy at- 
traction, 110. 

" — , rock,-highiy permeable to heat, 
209, 211. 

Satellites, 7. Note 32. 

T— ^ of Jupiter, their theory, 26. 

of Saturn and Uranus, 32. 

Saturn and his rings, 62. 

Saussore, M., on the temperd.ture of 
mines, 242, 243. 

Savart, M., hlis experiments on the 
' sense of. hearing, 126. On the 
vibration of elastic bodies, 141 et 
»eg.- 

Savary, M., the first who determined 
the orbit of a binary star, 367. 

Sdirteier, M., on the atmosphere of 
Ceres, 238. 

Scoresby, Capt., on extraordinary 

. refraction, 151. On the tempera- 
ture of the Arctic regions, 260. 

Seasons, variation of, ^. 

Secular variations, 13. 

> of apsides, 16. Notes 66, 67. 

of eccentricity, 19. Note 70. 

of the ecdentritity of the ter- 
restrial orbit, 17. 

of nodes, 18 et seq. Note 73. 

of inclination, 20. Notes 72, 

75. 

-i-— in the obliquity of tiie eeliptic, 
21. Notes 79, 143, 148, 

-< — of Jupitei*, 19. 

of Jupiter's satellites, 27. 

of the moon, 35. 

Seebeck, Professor, on the maximum 
point of heat in the solar^^pec- 
trum, 215. ." 

Shell-fish, the weight they sustain, 
112. 

Shooting, stars, 362. 



Sidereal day, 77. 

revolution, "Jg. 

astronomy, 36i. ^ 

Sine of an ai'c or angle, 20. Note 35. 
Sirius, distance, and light of, 362. 
Smyth, Capt., measures the height 

of Etna, 113. His observations of 

y Virginis, 368. 
Snow, line of, perpetual, 251. 
Solar System, its motion in space, 5^ 

23, 370. 
Solar spectrum, 154, 156, 192 214. 
Solnr heat, quantity of, 252. 

, distribution of, 253. 

Solstices, 81. Note 148. 
Sothaic peijbod, 80. 
Sound, theory of, 122, 123. 
, undulatilons .producing, 124 

Note 156. 
— -^, intensity of, 125, 131. 

, velocity oif, 129. 

<<——, transmission of, 123 et »eq. 

, reflection of, 131, 132. 

, refraction and interference of, 

133. 
Sounds, musical, 134. 

, harmonic, 136. 

Space, 5. Note 21. 

^ temperature of, 241, 

Speaking-machine, 147. 
Sphere, attraction of, 4. 
Spheroid, 4. Note«. 

, attraction of a, 4. Note 12. 

Spring, 22. 

tides, 89. 

Square of distance^ 5. Note 23. 

-r — ) of moon's distance, 5. 

of sine and cosine of latitude, 

45. Notel23. 

number and its toot. Note 132. 

Stability of system, 21. 
Stars, fixed, 361. 

, parallax of, 53. 

, distance of, 53, 370, 

, distances of, known from the 

binary systems, 370. 

, number of, 361. 

-~—, size of, 362. 

that have vanished, and nevir 

stars, 363. 

, variable, 364. 

, their proper motions, 369, 370. 

, double, 365. 

— , parallactic motions of, 370t 

— , binary systems of, and their 

orbits, 367 ««^«9. . ••■ 

-^, color of, 374. 

— ^, clusters, of,- 374. 
Steam, 227 et s«9> 
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Btnive, Pntfessor, on the rings of 
, Salurn, 63. On Halley's comet, 

343. On the ^oi^le stars, 368. 
' Bun, the center of gravitation, 5, 6. 

^ motion of, 8, 370. 

, magnitade of, 55* 

, eclipses of, 40. 

, parallax and distance of, 58. 

, mass of, 55. 

^.rirtationof, 61. 

, constitution of, 238, 239. 

' ,• light and dtmosphere of, 239. 

'• — — , spots on, 239. 

, heat of, 251, 252. 

Butfaces vibrating, 137. 

Bvanberg, M., on the temperature 
of space, 240. 

Syke8,Col., on the height at which 

■ wheat grows, 264. 

Synodic revolution, 39. Note 112. 

Syren, 138. 

Syrup, physical properties of, 184. 

System, Solar, its stability, 21. 

~, its motion, 6, 370. 

: of Jupiter and his satellites, 27. 

of binary stars, 367. "* 

Syzygies, 88. Note 153. 

T. 

Tangent, 8. Note 38. 
Tangential force, 15. 
Temperature, internal, of the earth, 

67, 242. 

, stratum of mean, 241. 

: of mines, 242. 

of wells, 243. 

of ocean, 245. 

, superficial, of earth, 249. 

— , effects of, on vegetation, 262. 

of space, 241. 

of the sun, moon, and planets, 

238 ti seq. 
Terrestrial latitude and lonntude,4. 

Note 11. 

meridian, 45. 

refraction, 150. 

magnetism, 300, 333. 

Tessular system, 107. 
Tetrahedron, 107. Note 164. 
Theory of Jupiter's satellites, 26. 

of the moon, 33. 

of the tides, 85. 

, atomic, 101. 

of sound, 122. 

of light, 148 et aeq. 

of heat, 206. - 

of electricity, 271 et tttq. 

Thermal springs, 252. 



Thermo-electricity, 328. 
Thermo ihulUplier, 329. 
Thunder, 132. 
Tides, theory of, 86. 

, semi-diurnal, 87. 

, semi-annual, 89. 

, e^cts of declinntioa on, 90. 

Note 154. 

, neap and spring, 89. 

, height of, 89, 91. 

, propagation of, 90. 

, forces producing, 92. 

at Batsha, 93. 

Time, mean and apparent solar, 78. 
, mean and apparent sidereal, 

77,78. 

, equinoctial, 81. 

, equation of, 78. 

, square of, 36. Note 105. 

, divisions of, 79. 

Timocharis, his observations, 75i- 
Torpedo, its electric properties, 299. 
Tourmaline, its properties, 173, 176, 

178. Note 199. 
Trade winds, 116. 
Transit of Venus, 52. Note 131. 
Transmission of ligbt, 171. 

of undulations, 123. 

of sound, 129. ■ 

of heat, 208. 

Translation, 7, Note 30. 
Triangulation, 46. Note 123. 
Tropical revolution, 16. Note 69 
Tuning-fork, experiment with, 133. 

tr. 

Undulations of water, 92, 93. Note 

156. 
of air, illustrated by those of a 

field of com, 123. 
— - of air, 124. 
of ether, illustrated by those of 

a cord, 164, 186, 187. 

, small, 115. 

Undulatory theory of light, 161 et »eq, 

Uranus, 239. 

— " — , his distance fVom the sim, 53. 

, his satellites, 32. 

Universe, 23, 381. 

V. 

Valz, M., on Halley's comet, 343. 

On the nuclei of comets, 336. 
Vapor, 228. 
Variation, a lunar inequality, 34. 

Note 104. 
— - of the compass^ 300 tt %tq. 
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Vuieties of manJcind^SW. 
Vegetation, 263. 
Velocity of light, 3L' 

of electricity^ 284. 

, comparative, 369. 

of the gravitating force, 386. 

Venus, her ttction on the earth, 25. 

, her nodes, 13, 52. 

, transit of, 52. 

, climate of, 240. 

Vibrations of musical strings, 134. 

of columns of air in pipes, 137. 

of elastic solids, 138 et seq. 

sympathetic, 1, 142. 

of polarized light,176. Note 201. 

Volcanic action, 246. 

, theories of, 249. 

Volta, Professor, his construotfbn of 

the Voltaic pile, 290. 
Volta-electric induction, 323. 
Voltaic battery, 292. 

electricity, discovery of, 290. 

, pe|9perties of, 294. 

, luhiinous effects of, 295. 

— -, chemi<ral effects of, 296. 

, transference of, 297. , 

, composition by, 297. 

, effects of, on the sense8,'299. 

Volume, 56. 

W. ^- 

Water, decomposition and compo- 
sition of,, 296, 328, 336. 

of crystalization, 105. 

a conductor of sound, 129. 

, rotation of, 316. 

Week, tlie antiquity of, 80. 

Weighl of the atmosphere, 112. 

— r decreases from the poles to the 
equator, 44, 49. 



Weight at the surfaces of the sun 
and planets^ 56. 

Weights and measures, 84. 

Wheatstone, Professor, his musical 
instruments, 138. His exjieriments 
on vibradng surfaces, 140. Qit the 
transmission of sound, 145. On re- 
sonance, 146. On the velocity of 
the electric fluid, 284. On the 
spectrum of the Voltaic spark, 295. 

Willis, M r.« his speaking-reed^ 147. 

Wollaston, Dr., on the extent of 
the atmosphere, 101. On the ex- 
tent of hearing, 125. On refrac- 

. tion, 151. Discovers the chemical 
rays and dark lines of the solar 
spectrum, 157, 194. On rotatory 
motion by the electro-magnetic 
force, '315. On the light of the 
celestial bodies, 362. 

Y. 

Year, civil or tropical, and siderenl 
years, 77 et seq. 

Young, Dr. Thomas, on the compres- 
sion of substances, 73. His hiero- 
glyphic researches, 84. On capil- 
lary attraction, 109. On the Inve 
of harmony, 136. Establishes the 
undulatory theory of light, 163. 
On the interference of light, 169. 
On radiant heat, 330. 

z- 

Zodiacal light, supposed tu be the 
atmosphere of the sun, 379 ; or,' 
according to La Place and Profes- 
sor Olmsted, a nebulous body re- 
volving in the plane of the solar 
equator, 385. 
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Elements of Morality and Polity. 

BY WILLIAM WHEWELL, D.D.; 

AUTBOft S>T ** HISTORY AND PHILOSOPHT OF THE •IIIDUCTIVB 8CIKN- 
CB8," &C. 

2 vols. ISmo, Muslin, exj^ra gilt, $1 00. 

Dr. Whewell's work ought to be read, because it can.notbe read without 
advantage : the age requires such books.— London Athenaum. 

A tezt-bouk of simple truths, from which, by induction, a complete sys- 
tem of moraliry is constructed, applicable to all the relations and circiim- 
stances of life, and embracing every department of human action. Tb« 
rwKler who shall carefully study these volumes — and a more inviting page, 
clear and legible, the eye does not often rest upon — will find his labor more 
than rewarded.— iVew York Commercial Advertiser. 

Professor WhewelPs ** Elements of Morality" have been universally re- 
ceived in England as a contribution of rare value to the de|)^riment uf moral 
and political science.— £a//tmore American. 

A splendid production by one of the most distinguished of *the scientific 
men of the age. This is a book^ not to be read merely, but t«> be re-perused 
Mid patiently studied ; we have heard it pronounced by no mean critic the 
most complete and lucid work on ethical philosophy ever pnxluced. We 
commend this work to the especial notice of thinkers and readers, to schol- 
ars and schools generally, as a most admirable tezt-book. — Sun. 

The style of the work, though simple, is extremely clear, strong, and el- 
oquent. It is a bofik t<^be studied rather than superficially read, and can 
not fail to be of the very highest importance in instructing and disciplininf 
the public mind. — American Patriot. 

This is beyond all comparison the most complete, comprehensive, and lu- 
minous treatise on the important subjects it discusses, that is to be found 
in the language, and its careful study is indispensable to every cme who 
would obtain true and definite notions in regard to the principles of publie 
and private morals. It is profoundly learned and philosophicaK but the writ- 
er thinks logically and clearly, and is therefore at nil times lucid and coot-, 
prehensible.— ifi(ifa/o ComMerdal Advertiser. 
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The PhUmM^phy of MystCKrjr. 

BY WALTER COOPER D E N D Y. 

12mo, Muslin, extra gilt, 50 cents. 

This is a learned and elaborate work, in which the writer goes into the 
investigation of all the phenomena of mind in the erratic operations and 
phantasies <jf ghost seeing and spectral hallucinntions, and aims to. give the 
true philosophy of all such delasions. He is a medical man of consider-, 
able eminence, and has spared no pains in his researches, giving a great 
number of fdcts and cftses to illustrate his philosophy. The volume will be 
much sought for, as it is really a desideratum in the world of literature.' 
We know of no work on this subject which lays the same just claim to public 
attention, or the study of the philosopher. — Chrittian Advocate and JottmaL 

The volume before us. is both instructi-ve and amusing, and at this partic- 
ular time, when the extremes of superstition and philoeophy have shaken 
htnds, it will be likely to effect an inconceivable amount of good, if prop- 
erly studied. It is one of the most remarkable productions ofthe day, and 
must create an extraordinary degree of interest in the public mind.— Afer- 
chanVs Magazine, 

It l)elongs to that class of writings which you can take up and put down 
at pleasuret^and which may be subjected |o repeated readings. The woik 
ia pleasant, however, in spite of this — pleasant liecause of its facts, its nu- 
nnfnns details of mystery, its vast collection of anecdote, its deyelopiAents 
ofdiablerie^ its tidings from the spiritual world, and the many, cases which 
it brings together of the curious and the wonderful in nature and art, which 
former ages, and ignorance and superstition, have,concIn()ed to consider su- 
pernatural. Where science and modem speculation furnish the solution to 
the mystery, Mr. Deudy couples it with the statements, and the book is 
thus equally valuable and amusing.— CAarJevtoii Transcript. 

Here lies a remarkable work ; beautiful in its style^ and wondrous in it« 
matter. TIw w«>rk is strictly philosophical in its tendency, yet more amus- 
ing than a novel.— True American, 

This is a book for the lovers of marvels and of mysteries. . It oontatna an 
immense collection^ of anecdotes of spectral apparitions, of illusions of vision 
or of hearing, of striking phenomena exhibited in dreams, in insanity, in 
trance, or in magnetism, and famishes many very valuable hints to aid in 
the solution of these mysteries, by which so many have .been bewildered. 
or affrighted. It is written in a s^yle of great ease and elegance, and can 
not fail to find a very wide circle of welcoming readers. — Albion. 

This unique and reraarkaA>Ie iraok has just been placed on our table ; we 
know its reputation of old ; it is an admirable discourse, on the subject of 
aupernaturalisms; such as mental illusions, dreams, ghosts, mesmeric phe- 
nomena, dec. If any one will but read the first half dozen pagies, we will 
vouch for it he will not neglect the rest ofthe volume : it is one ofthe best 
written books on one of the most curious range of topics that could engago 
the pen of a writer, or the attention of a reader, it is, in fact, one of the 
most curious volumes ever perused, upon a series of the most singular sub- 
jects, and, in this new and ueat form, it will command a vast number .of 
readers. — Sunday Times. 

"The Philosophy of Mystery" is an exceedingly able work ; far better, 
we think, than the " Natural Magic" of Brewster, a book of identical pur- 
pose, carried ottt in a totally different way. The " Natural Magie" is the 
more ratiocinative, Mf. Dandy's essay the more poetical, the more imagina' 
tive, and to us the more luterestiug,--A^Btto»a^ Press. 
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IV. 

Tlw Ufb of nioKart: 

INCLUDING HIS CORR ESPONDENOK. 
BYEDWARDHOLMES, 

4UTH0ft OF " A BAMBLE AMONG THB MUSICIANS OF OBRMANT," 4pO. 

12mo, Muslin, extra gilt, 50 cents. 

It is written ia a beautifal, narrative style, and can not bat be erery 
where acceptable. To all whu appreciate the extraordinary genias of Mo* 
zart, the delinaie structure of his niiod, the incidents of his 'life, and his ro- 
mantic death, this volume will indeed be a treasure.— Bos/on Gazette. 

' It contains, in addition to much of his interesting correspondence, and 
other papers, a detailed account of his life, adventures, and rise as an artist, 
and a discriminating sketch of his character, the peculiarities of which are 
happily illustrated by anecdotes. Many things of him, unknown oven to 
his admirers, are here given to the world, and his biographer, fully- appre- 
ciating the artist, has yet, not Ijke a flatterer, but with true independence^, 
spoken candidly of the faults of the man. — Merchtint^s Jiiagaane. 

Of this far-famed life of Mozart it is scarcely necessary for us to say a 
word ; the foreign reviews have been so unanimous in their encomiums, 
that we suppose few will be found insensible to the strong inducement of 
its jMrusal, especially as the work may be obtained at the trifling cost of 
half a dollar, and in so beautiful a guise. We have looked into the biog- 
raphy but slightly, yet And it redolent with interest, ancLfuUy sustaining 
the high estimate placed U|K)n the work by the London Athenauni and ' 
Blackwood, If the Harpers continue to All their new library with sterling 
works like the present, it will present the most truly valuable series, yet 
the cheapest, pver attempted in any age or country. — Evening Gaxette. 

The oiily authentic biography of the great composer that is extant in the 
English language) and the events of his career are replete with useful ad- 
monitions and warning to the sons of genius, and they whisper to those 
whose present claims are not allowed that there is a future full of promise. 
In his life^ Mozart waa negleoted and impoverished, and he went to his 
rrave with more than tjie bitterness of death crowding on his thoughts, 
but fame has taken possession of his memory, and among those who move 
as gods in musical art, few are equal to him, none are^ superior. This bi- 
ography possesses an interest for all who feel interested in the great men 
of the earth. It is not only remarkably well written, but has a complete- 
ness about it we have never found before in any life of Mozart.— LotttfVt//« 
Joumai. ' 

There is such a charm in this narrative, that the lovers of good biography 
«an not hefir of it too soon. We can not conceive a more fascinating story 
of genius. To a style which would alone have sufficed to the production 
oT an interesting and striking narrative, Mr. Holmes unites a depth of ' 
knowledf^ and musical appreciation very rare and remarkable. We thank 
him cordially for a most pleasing addition to our standard biographical lit- 
erature .-^iBxammfr. 

The book is one of extraordinary interest, not merely to the lovers of 
music and appreciators of the great'nom poser, but to the general rei|der, as 
arivid picture of the life of a man of genius, who encountered all the dif- 
ficulties, trials, and suiferings usually the lot of genius when it comes be- 
fore a world incapable of appreciating it, and indiflfereut to its welfare. The 
domestic portions of the book are invaluable ; his relations to liis father and 
his wife are very beautiful. The work is admi rably executed, as well in the 
scientific as anecdotical passages, and is worthy of^the widest sale.— J^Tew*. 
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V. 

The P r a ct i c al Actranoiaor: 

COMPBISINO ILLUSTRATIONS OF LIGHT AND COLORS ; 

. PRACTICAL DESCRIPTIONS OP ALL KINDS OP TEL- 
ESCOPES, &C., WITH DESCRIPTIVE ACCOUNTS OP 
THE EARL OF ROSSE's LARGE TELESCOPES, AND 
PTHER TOPICS CONNECTED WITH ASTRONOMY. 
BY T410MAS DICK, LL.D., 

A.UTHOft or THE *' CHRISTIAN PHILOSOPHER," " CELESTIAL 8CEHEEY,** 
**THE SIDEREAL HEAVfiffS," ^CC. 

100 Engravings. 12mo, Muslin, extra gilt, 50 cents. 

The name of the distinguished aatborW this work is a safficient pass- 
port to public fayor and a sure gaarantee to its sterling valae» and those 
who have read Dr. Dick's former works will need no recomniendatioa of 
this book by us. He is not only an original and profound obseryer of na- 
ture, but truly a most excellent Christian phil<isopher, whose powers of in* 
tellect and expanded views of 'the character of the great Architect of tb« 
ttoiverse are so eminently calculated to direct the mind not alone to the 
grandeur, the masrnificence, and sublimity of the laws and principles of 
the material world, but to look through nature up to '* Nature's God.*' It 
is truly a valuable work. — Farmer and Mechanic. 

The merits of this work are of the highest Order; Dick is one of cha 
profouadest and purest of modem philosophers.— 1Ve«(ent Continent. 

Here iir the ninth volume presented by this gifted author to the public ; 
he aim of all of which has been to simfplify^sciences which before luiye 
been too often considered as every way Move, and therefore uAwonhy ot 
the attention of ordinary readers. It is specially addressed to private stu 
dents and the higher schools, and comprises a large amodot of new and 
valuable matter connected with astronomy, and pointing oat ways in which 
the more humble student can in the best way improve the advantages placed 
in his way.^Att6»m Journal. 

Let not the inquisitive fear that the intricacies qf science or the techni- 
calities of language 'will obstruct, the pleasure they will derive from the 
study of this book ; for the clearness of the author's style, and the elucida- 
tion of the one hundred engravings, render it within the scope and compre- 
hension of every intelligent student. — Industrial Record. 

The copious use of engravings and of pictorial illustrations, together with 
the plnin, popular explanations, render this book a truly practical work. 
Dr. Dick is not only thoroughly scientific, but he knows well how to render 
bis acquisitions available to the great b<idy of conunon readers, by his ac- 
curate luethod and clear descriptions. — Watchman. 

We have always been an admirer of the writings of this gentleman, and 
popularity keeps on his side wherever he is known. He is a profound 
thinker and a devout Christian. His works all tend to illustrate the silbple 
as well as the soblimest principles of philosophy, and while they instruct, 
can not fail to enlighten. The present volume comprises illustrations of 
light and colors, practical descriptions of all kinds of telescopes, the use of 
the equatorial-transit, circular, and other astninomical instruments, and 
other topics connected with astronomy. It is illustrated by 100 engmv* 
ings, and will be found a most valitable book for all claisses^ but partiecUarl/ 
as a work of instruction for yoxtth.—IUuatrated Magazine. 
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VI., vir. 

S1u» Ufe of Paid/^Am^ 

RY ALEXANDER SLIDELL MACKENZIE, U.S. N. 
2 vols. 12mo, Portrait, Muslio, extra gilt, fl 00. 

The history of th« naval adventures and victories of Paul Jones forms on« 
of the most' romantic chapters in the record of great deeds, and can not fiid 
to attract general and ardent attention, since it relates to the very beginning 
of the American Dnyy,— Commercial Advertiser. 

The varioas biofpvphies of Paul Jones now extant have been carefOjly 
searched by Mr. Mackenzie ; as also the log books of Jones's various cruiz- 
es and papers in possession of his heirs, with a view to procure a full ani* 
authentic collection of facts and incidents for the present work. Thus in 
dustrinosly compiled and stored, and that by an able hand, this editi<in must 
necessarily, as it does, possess considerable merit. — Philadelphia ChroMde 

Paul Jones will always be regarded as one of the most daring and gallant 
heroes who ever made the ocean the theater of their -exploits. Such a 
nsme can never be -forgotten by Americans, nor can the services which be 
rendered to the cause nf American lilierty, in its infant struggles, ever pass 
into oblivion. No better biographer for such a character could have been 
found than Captain Mackenzie. Familiar with ail the details of seaman- 
ship, possessing the same bold patriotism which made the career of his hero 
so illustrious, and being an accomplished and vigorous writer, he has given 
us a most admirable biography.— Courier ami £ii^rer. 

This is a capital American biography, of an American naval hero, scarceW 
less renowned and no less gallant and gifted with an heroic spirit than Nel- 
son, the great British admiral. There is scarcely a more stirring life in 
the whole compass of literature than that of Jtmes ; and the important part 
he played in giving force and almost life itself to tho American navy, then 
in ita earliest infancy, renders hif history |tecpliarly interesting and attract 
ive. No man certainly ever performed more gallant exploits, and few have 
renderad more important service to the cause of freedom than he. Many 
of his actiims for bravery, skill, and the performance of almost incr-dible 
deeds, by apparently the most inadequate means, are siarcely rivalled by 
any thing iu the records of naval history. His life should be familiar to 
American readers; and in the elegant, forriltle, and graphic style of Com- 
mander Mackenzie it can not fail to be universally read— 7V«e Sun. 

We are vlad to see the life of this celebrated man by one competent to 
write it. His adventures bonier so much on the marvelous that one is glaul 
to be sure of reading only what is authentic, and t|iat written in a style and 
language becoming the subject. There is a good moral lesson conveyed in 
this life of Paul Jones. — Christian Advocate and Journal. 

Tha name and achierements of Paul Jones are indiftsoluhly connected 
with American history ; and his renowned deeds, which made him the ter- 
ror of the coast of Britain, are among the must romantic in the annals ot 
naval warfare, and impart to this work the highest interest. This is the 
most complete and authentic biography of Commodore Jones ever poblinhed, 
as Bill accessible materials have Iteen collected, and are used by Commander 
Mackenzie with the ability and tact which he possesses as an accomplished 
scholar and an ofiicer, accomplishments which peculisriy qualify him to 
write naval biography. A fine^rtitiit of this true naval hero will be found 
in the first volume.— Roiftmore Ameriean. 

We have reail it with some rare, and compared it with other biographies, 
and think it greatly superior to any yet published. It contains a full par> 
rative of all the im|Mirtant events in Jones's eventful career, and yet is less 
voluminous than previous works. — HigMand Courier, 
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VIII. 

The Ascent of Moimt ArariBit, 

(4CHIBVSD rOS THE FIKST TIMK). 

BY DR. FRI^EDRICH PARROT. ' 
TRANSLATED BV W. D. COOLEY. 
I2(D0, Map and Wood-cuts, Muslin, extra gilt, 50 cents. 

This ia « most interesting book, both in its description' of the conntnrwad 
inhabitants of Central Asia, and in its connection with the remaAable event 
of (Hir world— M« Floo^. Mount Ararat, which was ascended by M. Far> 
rot, mult ever poasess tb the Biblical reader most intense interest, as the 
fl»fting place ot the .ark after the universal ile\uge.^-Pittsh»rgh CkromcU. 

A work destined, from the intrinsic interest of the subject, and the full- 
i<iMa of detail which is spread before the reader, to it very wide circulation. 
The ide» of ascending Mount Ararat seems to have risen with the traveler 
|o a^pasaioii ; previous travelers had never accomplished it ; the natives of 
the region luttked upon it as impbssible ; their superstition regarded the 
inaccessible summit as the mysterious resting place of the ark to this day. 
How Df. Parrot approached the region, what adventures he met with by 
tk^ «rav, what manners and customs he witnessed, bow he twice essayed 
to retch the sacred peak and turned back, and howpn a third attempt he 
accomplished the feat through 'difficulties the recital of which has led sci- 
^entific men Still tq doubt if the ascent were really performed — may all be 
read m this compskot volunie, illustrated by maps and engravings, with every 
aid to the reader's cqmpreheusion.-^ATetoj. 

Hardly a subject ga%\d have been selected more stirring in its character 
than " A Journey to Ararat." Held in equal veneration by Jew, Christian, 
and Mohammedan, antj^. regarded with sij^rstitions feelings even' by the pa- 
gan, that mountain has always enjoyed a degree of celebrity denied to any 
other. Sinai, and Horeb, and Tabor may have excited holier musings ; but 
Ararat '* the mysterious" — Ararat, which human foot had not troit after the 
restorer of our race, and which, in the popular minion, n« hnman foot would 
be permitted to tread till, the consummation of an things— Ararat the holy, 
which winged cherubim protected against the sacrilegious approach of mor> 
tals, and which patriarchs only were permitted to revisit, appeared in many 
respects an object of curiosity as unique as it was exciting. — London Athi' 



It is a highly entertaining work, embodying much historical, geographi- 
cal, and scientific information, aad conveying a knowledge of the character, 
babita, and manners of the people amoi^g whom the author traveled. The 
4Mcent of Mount Ararit is so very difficult that many persons have doubted 
Vhether the feat was, accQmpIidied by Br. F^ript, but his ucknowledfred 
integrity ought to place his claims in this respect ^beve suspicion. The 
lovers of bold adventure will find itf this volume much to gratify their pe- 
culiar taste, and the general reader can hardly fail |p be pleased with it.— 
New York Tribune, 

. This volume has claims upon the public, as a scientific and truly valaaUa 
work, which have been possessed by few others. If. is, in fact, the con- 
densed narrative of an exploring expedition sent out hy the Russian gov- 
ernment into the region about Mount Ararat, a region which piisseasea. 
more interest for scientific men, perhaps, than any other in the wm-ld 
which has been so little explored. — New York Courier. 
, It reads more like the travels of Von Humboldt than any book w»li«tr« 
latrfy read. The writer is a man of science and observation, and the boolt 
we recommend to the pnbUo.— .^ts^U Courier, * 
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IX. 

Bflmarkable Crimiital Trials. 

TRANSLATEP FROM T>4E GERMAN OF FEUERBACH, 
BY LADY DUFF CORDON. 

12mo, Muslin, extra gilt, 50 cents. 

A book of thrilling interest ; oae that caii not fail to bo read with avid- 
ity.— ^ew York Cpulier. 

This work abounds witV singular cases of oriminal jorisprndence in Bar 
Taria, of the most astounding and thrilling interest, the details of whioh a^ 
of remarkable character, and differ essentially from thAse hitherto familiar 
to the public iu England or this country. They are fully eqoal, in th«ir 
absorbing interest, to any thing iu the famous " Causes Celebres'* of France ; 
and, perhaps, for their unique and striking features, are unexcelled by any 
delineations of crime elsewhereon record.— 7y*<« <$uit. 

Public attention was first drawn to this work by an able and interesting 
article in the Edinburgh Review. They are all narratives uf marvelous in- 
terest—more strange and wonderful, many of them, than any work of fic- 
tion, and giving to the reader a clear view of the nature and pecoliaritiea 
of the criminal jurisprudence of Germany.— i^T. Y. Commercial Advertiser. 

Its illustration of the many curious cusioms of German criminal jucispru- 
dence will be sufficiently startling to the English reader; but, apart from 
this, the extraordinary subtle discrimination thrown into the narrative ai 
each particular crime gives to the volume, as a mere story book, the intel- 
lectual Interest, the passion, and atl'the rich and various coloring of a phil- 
osophical romance. The translation is excellent, and a Judicious compres- 
sion of the original has added much to the effect. — Lonc^ Examiner. 

The narratives abound with thrilliqg 'interest, setting forth the constant 
recurrence of crime, detection, and punishment, in which the attention of 
the reader is roused by the novelty of the scene, and rewarded by the light 
thrown upon the darkest portion of human nature. — iVcto Bedford Mercury. 

This work has been so highly extolled by the Edinburgh Foreign Quar- 
terly and other reviews, that not much need be said of its character' and 
claims to public notice. It presents some of the most remarkable stories of 
horrible crimes and their exposure we have ever met, and gives a very clear 
and vivid conception of the peculiarities of German criminal jurisprudence. 
It is a book which will be universally read, as one of the most thrilling and 
absorbing interest. The translator has given in the preface a very g^ood 
account of the criminal law of Germany, and ha% selected only those por- 
tions of the original work which wpU have the greatest valtie and interes|» 
-y-Minror. , , 

This book is of an entirely 'different character from works of a similar title 
that have hitherto appeared. It contains an account of fourteen trials for 
murder in Germany, and the object of it is to show the peculiar mode of 
trial instituted by the Bavarian code. — Evening Gazette, 

The records of crime are not usually a profitaUe kind of reading. Th« 
contagion of the example is generally greater than the warning of the fate 
of the criminal; and many a villain has been made by the very nietas tak«(k 
to keep him from crime. But as much depends on the manner of the nar- 
jrative, and as it is possible to extract some of the gravest lessons of virtue 
and wisdom from the misdeeds of others, it gives us pleasure to state that 
the present work is unexceptionable in this respect, while the cases posses* 
extmordinary interest, and are replete with instruction. They afford mocV 
insfght of human motives, and teach impressive lessons of the retributive 
justice of Providence, and the misery and evil of ain.— Biblical Repon/«yy. 
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X., xr. 

Jonnifll of ItMffWPrhoii 

INTO THE NATURAL HISTORY AND GEOLOGY OF THE 
COUNTRIES VISITED DURING THE VOYAGE OP H. 
M. 8. BEAGLE ROUND THE WORLD. 

BY CHARLES DARWIN, M.A., F.R.S. 
' 2 vdl^. 12mo, Maslin, extra gilt, $1 00. 

This ic another most valaahle contriba'tion to the cause of pojmlm- eiucar 
turn, issued in Harper's New Miscellany ; a series that bids fair to surpass 
eren their Family Library lo the sterling excellence and pnpalarity of tha 
works which it renders accessible to all classes of the commnnfty. The 
work contains, in a condensed and popularized form, the results of the Brit^ 
ish Exploring Expedition, which Mr. Darwin accompanied at the special 
instance of the lords of the Admiralty. The Toyage consumed several 
years, and was performed at a very heavy expense on the part of the Brit- 
ish government. Yet here we have its most important results, divested of 
all scientilic technicalities, and presented in a form at once attractive and 
accurate. The work is eatitledto secure a very widescirculation. It con- 
tains an immense amount of information concerning the natural history of 
the whole world, and is superior, in point of interest and value, to sny simi- 
lar work ever published.— T^Teio Ytk True Sun. 

A work- very neatly fssned, and has the interest of a leading subject well 
devekyejl, the unfailing secret of producing a book of character. In the 
present state of the world, when new countries are opening every day to 
the great ronque^er, Commerce, such publications are of unusual import- 
ance. Perhaps nd information, just now, can be of more consequence to ut 
than that which puts us in possession of the movements of English^discor- 
ery. — News, ^?f 

This is a most valuable and a most interesting work ; one which com- 
bines true scientific worth with the graces of style suited to render it pop- 
ular, better than almost any similar work which has recently come under 
our notice. The voyage u'f the Beagle was, in truth, a scientific exploring 
expedition ; and Mr. Darwin accompanied it at the special request of the 
lords of the Admiralty. Its results have been published in several very 
elaborate, extensive, and costly volumes in pSnglamL ; but as these were en* 
tirely bey«md the reach of the great mass of the reading public, Mr. Dar- 
win prepared tbese volumes, in which all the important results of the ex- 
fMdition are fully, clearly, and distinctly presented, interwoven*with a most 
entertaining narrative of personal incident and adventure.— iV. Y.Cotirter. 

This is a work of remarkable interest and value. The author, in circum- 
navigating the World, under commission of the British government, for sci- 
entinn and exploring purposes, visited nearly every country on the globe, 
and preserved in this brief, simple, but l)eantiful narrative all the singular 
facts of a scientific, social, or geographipal nature which are of general in- 
terest. The amount of information condensed in these volnmes is incred- 
ible ; and the skill with which the useful and interesting is selected from 
.that which is unimportant or well known is admirable. We admire the 
style, the straightforward sincerity of the writer, the apparent candor, and 
the erudite research which he uniformly exhibits. Without one quarter 
of the bulk or pretension of our famous exploring expedition, the present 
work ir hardly inferior to it in value and interest. This series is gaining a 
.fine character, of which we hope the publishers will be jealous.— JYew York 
Evtmgtiitt, 



